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WILDLIFE CAPTURES IN A PIPELINE TRENCH IN 
GADSDEN COUNTY, FLORIDA 


KEVIN M. ENGE, DAvip T. Coss, GARY L. SPRANDEL, AND 
DONALD L. FRANCIS 


Florida Game and Fresh Water Fish @omimiscion: 
Route 7, Box 3055, Quincy, FL 32351 


ABSTRACT: A 2.02-km section of gas pipeline trench was surveyed six times from 15 
September through 10 October 1994, in Gadsden County, Florida, for trapped wildlife. The 
trench traversed old field upland pine habitat, upland hardwood forest, slope forest, and bot- 
tomland forest. The dimensions and effectiveness of the trench at trapping animals varied due 
to differences in digging equipment, soil characteristics, extent of erosion and sedimentation, 
and flooding. The trench captured a minimum of 459 amphibians (19 species) and 12 reptiles 
(seven species). Six species of hylid frogs accounted for 67% of all captures, and the most 
commonly captured species were Cope’s gray treefrog (Hyla chrysoscelis), squirrel treefrog 
(H. squirella), and bird-voiced treefrog (H. avivoca). About 80% of all anuran captures were 
immature animals, whereas mostly adult salamanders were captured. Noteworthy captures were 
two four-toed salamanders (Hemidactylium scutatum), which are rarely encountered in Florida. 
The only mortality observed was seven amphibians, but other dead animals may have been 
buried in sediments or under water. This trench proved to be an effective means of sampling 
amphibian communities, especially treefrogs, which are under-sampled by the technique of drift 
fencing. Tracks of white-tailed deer (Odocoileus virginianus) and medium-sized carnivores were 
observed in the trench. The only mammal observed was a dead deer fawn. 


EXPANSION of a pre-existing natural-gas pipeline corridor in Florida of- 
fered an opportunity to collect information on the susceptibility of wildlife 
to being trapped in the accompanying trench. The pipeline extends from 
western Louisiana to West Palm Beach and traverses ca. 970 km of Florida. 
A trench was dug in Gadsden County to accommodate a pipeline 91 cm in 
diameter adjacent to two existing pipelines. 
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STuDy AREA—Location—The section of pipeline trench surveyed was 1.4 km south of 
the junction of County Road 268 and County Road 65B, southeast of Quincy, Gadsden County 
(30°31'N, 84°33’W). The pipeline was dug ‘in an easterly direction and terminated on 15 Sep- 
tember 1994 at the driveway leading to the Florida Game and Fresh Water Fish Commission’s 
field office on the Joe Budd Wildlife Management Area (WMA). 


Trench description—The trench surveyed ran due east-west and measured 2.02 km long 
on a topographic quadrangle map, but the actual length was longer because of the rolling terrain. 
However, ca. 185 m of trench remained undug, and ca. 130 m could not be surveyed where it 
passed through streams. 

Trench dimensions and characterizations were taken on 30 September, but subsequent 
heavy precipitation resulted in additional erosion and sedimentation of portions of the trench. 
The average dimensions of non-eroded portions of the trench dug with a trenching machine 
were 3.0 m surface width, 1.3 m interior width, and 2.3 m depth. Where a backhoe was used 
to dig the trench around curves and through wetlands, the trench was sometimes 25 m wide 
and 1.5 m to 3 m deep. Sections of the trench excavated through clay soils usually retained 
vertical walls, whereas excavations through sand eroded, increasing the width and decreasing 
the depth of the trench. Soil cave-ins and sloped walls and ends of trenches allowed egress of 
trapped animals. At stream crossings, large pools of water precluded observational searches, 
and low banks allowed animals to escape. A spoil bank paralleling the north side of the trench 
likely provided a barrier to the movements of most amphibians and reptiles. This spoil bank 
averaged ca. 3 m high (range 1.5 m to 5 m) and was 4.5 m to 7 m wide. On the south side, a 
cleared strip of bare earth 12 to 20 m wide probably deterred some animals. Silt fences, which 
were intended to prevent erosional runoff, paralleled the south side of the trench where it passed 
through some wetland areas, presenting barriers to all but arboreal species (e.g., Hyla spp., 
green anoles [Anolis carolinensis|) and large snakes. 


Habitats—The trench traversed several habitats at elevations from 27 m along a stream 
to 64 m. Habitats on the south side were characterized per the Florida Natural Areas Inventory 
(1990) classification scheme. Most animals probably entered from the south side because of 
the obstructing spoil bank to the north. 

The higher ridgetops had been logged and were old fields with some planted or naturally 
regenerated pines, primarily loblolly (Pinus taeda). The lower ridgetops and hillsides with 
<10% slope were upland hardwood forest. Slope forest with seepage areas occurred on the 
steeper slopes. Dominant overstory species of the upland hardwood forest were southern mag- 
nolia (Magnolia grandiflora), water oak (Quercus nigra), live oak (Q. virginiana), swamp 
chestnut oak (Q. michauxii), sweetgum (Liquidambar styraciflua), spruce pine (Pinus glabra), 
loblolly pine, pignut hickory (Carya glabra), Florida maple (Acer barbatum), and American 
beech (Fagus grandifolia). The canopy of the slope forest was primarily southern magnolia, 
American beech, spruce pine, water oak, laurel oak (Q. hemisphaerica), swamp chestnut oak, 
sweetgum, and pignut hickory. Slope forest understory tended to be more open than in the 
upland hardwood forest. Bottomland forest occurred along the flat areas bordering streams. The 
canopy of the bottomland forest was southern magnolia, American beech, water oak, swamp 
chestnut oak, diamond-leaf oak (Q. laurifolia), sweetgum, sweetbay (Magnolia virginiana), 
pignut hickory, red maple (A. rubrum), spruce pine, loblolly pine, and tulip poplar (Liriodendron 
tulipifera). The relatively dense understory of the bottomland forest was dominated by needle 
palm (Rhapidophyllum hystrix). 


Sections of trench—We divided the pipeline trench into four sections for inventory. Section 
1 was 0.68 km long and consisted of 2 portions separated by an undug portion 175 m long. 
The first portion of Section | traversed a ridgetop (elevations 58 m to 64 m) through old field 
succeeding to upland pine dominated by loblolly pine (Fig. 1). The trench, which crossed 
Lakeland coarse sand (U.S. Department of Agriculture, 1961), was flooded with rainwater and 
subject to erosional cave-ins. The depth of the trench was 1.2 m to the water surface, with 
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Fic. 1. Elevational cross section of the pipeline trench surveyed in Gadsden County, 
Florida, showing horizontal distance of the four sections, habitats traversed, and other pertinent 
features. 


interior and surface widths 2.4 m and 3.4 m, respectively. The second portion of Section 1 
descended through old field habitat with young loblolly pines on Lakeland loamy fine sand. 
This portion had no standing water; the intact walls were 3.0 m wide at the surface, 1.3 m 
wide inside, and 2.3 m high. We terminated Section | at the property boundary of the Joe Budd 
WMA, a habitat edge between old field and upland hardwood forest. 

Section 2 of the trench was 0.54 km long and descended through upland hardwood forest 
to bottomland forest along a small ravine stream (Fig. 1). In the upland hardwood forest, the 
trench was eroded to a surface width of 4.5 m, and spring water flowed along the bottom. The 
trench through the first ravine was only 1-m deep where silted in. Siltation from the pipeline 
corridor degraded the stream and adjacent bottomland forest. A pond ca. 50 m long had formed 
where the small stream crossed the trench. A 105-m long silt fence that paralleled the south 
side of the trench through the bottomland forest likely inhibited amphibians and reptiles (except 
arboreal species) from entering the trench, except where the fence was breached occasionally 
by fallen trees. A 38-m high ridge of clearcut upland hardwood forest separated bottomland 
forest along the first stream from bottomland forest along the east side of Richlander Creek 
(Fig. 1). Richlander Creek, a tributary of the Little River, flooded ca. 80 m of the trench. Loamy 
sands occurred on the ridgetops, loamy fine sands on the slopes, and alluvial soils along both 
streams (U.S. Department of Agriculture, 1961). Many animals would have been able to escape 
from Section 2 because of the sloped walls. 

Section 3 of the trench was 0.40 km long and ascended through a slope forest on a 15% 
to 25% slope from Richlander Creek to the next ridge (Fig. 1). The last 70 m of trench along 
the ridgetop extended through a grassy pasture and terminated at a driveway. The trench as- 
cended from the alluvial soils along the stream through a series of loamy fine sands (U.S. 
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Department of Agriculture, 1961). The walls were not eroded, and the trench averaged 1.3 m 
wide (2.5 m at the surface) and 2.2 m deep. The overall conditions in Section 3 were the most 
suitable for preventing the escape of trapped animals, which could only exit through the flooded 
east end of the trench. 

Section 4 of the trench was also 0.40 km long and passed through pastureland along the 
ridgetop. Portions of the pasture contained planted loblolly pine with upland hardwood forest 
on the lower slopes (Fig. 1). The last 90 m of the trench went through grassy pastureland. Soils 
were deep, well-drained loamy fine sands undergoing sheet erosion (U.S. Department of Ag- 
riculture, 1961). The trench in Section 4 was up to 3.7 m deep, and the walls were moderately 
eroded. 


Precipitation—Precipitation data were obtained from the North Florida Research and Ed- 
ucation Center, which is located <5 km from the westernmost portion of the surveyed trench. 
Precipitation was 230 mm in September and 280 mm in October 1994, which is substantially 
higher than the monthly mean precipitation of 76 mm and 66 mm, respectively. An unnamed 
tropical storm passing through the study area on 16 and 17 September (one or two days after 
the trench was dug) deposited 150 mm of rain. On 24 September, 61 mm of rain fell, and a 
stalled front resulted in 193 mm of rain on 2 October. 


METHODS—We surveyed the pipeline trench for trapped animals on 18, 21, 26, and 30 
September and 4 and 10 October. We did not survey sections 3 and 4 on 18 September. We 
did not survey part of Section 3 and all of Section 4 on 10 October because the pipeline had 
been installed. Trapped animals were identified, recorded, and released usually along undis- 
turbed habitat edge south of the trench. Occasionally, animals eluded capture by retreating into 
water on the bottom of the ditch. We observed unidentified ranids leaping into portions of the 
trench flooded by the streams. 

Many animals were discovered by overturning clumps of dirt or clay and woody debris. 
Other animals were detected either in crevices along the sides of the trench, appressed to 
surfaces (primarily treefrogs), in small depressions on the floor of the trench, or in piles of 
loose dirt. Few animals were observed moving in the open or flooded sections of the trench, 
which were inaccessible due to soft substrates. Animals were undoubtedly overlooked in these 
flooded areas and where large piles of dirt had fallen, creating many crevices between clumps 
of dirt and loose soil suitable for burrowing. 


RESULTS—Herpetofaunal captures—Total captures of herpetofauna for 
the 6 survey dates from 18 September through 10 October were 20, 67, 108, 
65, 131, and 84. We observed 475 individual amphibians and reptiles rep- 
resenting 13 anuran, six salamander, three turtle, one lizard, and three snake 
species in the trench over a 25-day period (Table 1). 

Most of the anurans were newly metamorphosed individuals of summer- 
breeding species, which were likely intercepted dispersing from their natal 
ponds during periods of precipitation. The most productive complete search- 
es were conducted on 26 September and 4 October following heavy rainfalls 
on 24 September and 2 October. Over 80% of the hylid frogs were immature, 
and all eastern narrowmouth toads (Gastrophryne carolinensis) and 92% of 
eastern spadefoot toads (Scaphiopus holbrookii) were newly-metamorphosed 
individuals. Most salamanders captured were adults, except for central newts 
(Notophthalmus viridescens), which were in the terrestrial red eft stage. No 
larval salamanders were captured. All turtles were adults, whereas the green 
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TABLE 1. Amphibian and reptile species observed in four sections of a pipeline trench in 
Gadsden County, Florida, from 15 September through 10 October 1994. 


Section of trench 


Species 1 2 3 4 Total 


Anurans 
Northern cricket frog (Acris crepitans) 1 5 13 0) 19 
Southern toad (Bufo terrestris) 1 0 6 1 8 
Eastern narrowmouth toad (Gastrophryne carolinensis) 1 3 Ds) 10 39 
Bird-voiced treefrog (Hyla avivoca) 0) O 48 6 54 
Cone’s gray treefrog (H. chrysoscelis) O 0) 74 26 100 
Green treefrog (H. cinerea) 16 23 3 1 43 
Pinewoods treefrog (H. femoralis) 0) 1 0) 1 2 
Squirrel treefrog (H. squirella) 3 6 39 7 a5) 
Southern spring peeper (Pseudacris crucifer) 0) 0) 5 0) =) 
Bullfrog (Rana catesbeiana) 0) 5 18 DZ DS 
Bronze frog (R. clamitans) 1 T 1 (0) 9 
Southern leopard frog (R. utricularia) 1 0) 1 0) 2 
Eastern spadefoot toad (Scaphiopus holbrookii) 0) 1 34 10 45 
Unidentified ranid (Rana sp.) 2 2 0) 0) 4 
Salamanders 
Marbled salamander (Ambystoma opacum) O 2 0) O 2 
Southern two-lined salamander (Eurycea cirrigera) 1 2 6 O 9 
Three-lined salamander (E. longicauda) 0) 2 18 O 20 
Four-toed salamander (Hemidactylium scutatum) O 0) D 0) 2 
Central newt (Notophthalmus viridescens)* 2 6 4 3 15 
Southeastern slimy salamander (Plethodon grobmani) O 1 (0) 0) 1 
Turtles 
Eastern mud turtle (Kinosternon subrubrum) 0) 2 0) 0) 2 
Florida cooter (Pseudemys floridana) 1 0) 0) O 1 
Eastern box turtle (Terrapene carolina) 1 O 0) 0) 1 
Lizards 
Green anole (Anolis carolinensis) 0) 0) 5 3 8 
Snakes 
Southern black racer (Coluber constrictor) 0) 0) 1 0) 1 
Southern ringneck snake (Diadophis punctatus) 0) O 1 0) 1 
Smooth earth snake (Virginia valeriae) 0 0) 2 0) 2 
No. individuals 31 68 306 70 £475 
No. species 11 14 20 11 26 


2 Red eft stage. 


anoles and southern black racer (Coluber constrictor) were young-of-the- 
year. 

An interesting find was the presence of northern cricket frogs (Acris 
crepitans), which Ashton and Ashton (1991) show occurring only in the two 
western-most counties of Florida. Conant and Collins (1991), however, in- 
clude Gadsden County in the range of the northern cricket frog. To confirm 
the identity of the cricket frogs, we collected a series of 14 frogs along silt 
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fences in bottomland forest adjacent to the trench. Thirteen of the frogs were 
the northern species and one was a southern cricket frog (A. gryllus gryllus). 

The capture of four-toed salamanders is noteworthy, because this species 
has been recorded from only three counties in Florida (Means, 1992). Two 
specimens were captured on 10 October, and another one was captured in a 
supplemental search on 16 October. All three specimens were in slope forest 
adjacent to seepage areas on the west side of Richlander Creek in the Och- 
lockonee River watershed. 


Herpetofaunal differences among trench sections—In Section 1, 31 in- 
dividuals of 11 species were observed (Table 1). The flooded first portion 
of Section | could not be walked, limiting our abilities to detect trapped 
animals. 

Section 2 yielded 68 individuals comprising 12 species, including the 
only southeastern slimy salamander (Plethodon grobmani), marbled sala- 
manders (Ambystoma opacum), and eastern mud turtles (Kinosternon sub- 
rubrum) (Table 1). Silt fences along portions of Section 2 traversing bottom- 
land forest habitat and the sloped trench walls probably contributed to the 
relatively low number of captures. 

Section 3 was the most productive, capturing 306 individuals comprising 
20 species (Table 1). This section yielded the only southern spring peepers 
(Pseudacris crucifer bartramiana), four-toed salamanders, and snakes. Large 
numbers of bird-voiced and Cope’s gray treefrogs were captured only on the 
west side of Richlander Creek. Green treefrogs were more common on the 
east side of Richlander Creek. The productivity of Section 3 may have been 
due to the presence of seepage areas in the slope forest, but the integrity of 
the trench (i.e., vertical walls, less erosion) was probably a contributing 
factor, permitting fewer animals to escape. 

Section 4 captured 70 individuals comprising 11 species, none of which 
were unique (Table 1). The most common species in portions of sections 3 
and 4 traversing grassy pastureland was the eastern narrowmouth toad. 


Herpetofaunal mortality—The only herptile mortality observed included 
four eastern spadefoot toads, one Cope’s gray treefrog, one green treefrog, 
and one central newt. However, large numbers of animals likely drowned 
and were buried under sediments during and after heavy precipitation events, 
or washed into flooded portions of the trench. Because animals were re- 
moved during each inspection, it is unknown whether additional time in the 
trench would have resulted in eventual mortality or escape for these indi- 
viduals. Sufficient prey in the form of numerous caterpillars, crickets, grass- 
hoppers, beetles, and earthworms existed for the larger amphibians. An im- 
mature gray rat snake (Elaphe obsoleta spiloides) was killed alongside the 
trench, apparently by the pipeline crew. 
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Mammalian captures—The only mammal observed was one dead white- 
tailed deer fawn. Tracks observed at the bottom of the trench were deer, fox 
(Urocyon cinereoargenteus or Vulpes vulpes), nine-banded armadillo (Das- 
ypus novemcinctus), raccoon (Procyon lotor), and Virginia opossum (Di- 
delphis virginiana). Some of these mammals may have preyed on amphib- 
ians and reptiles trapped in the trench. Tracks indicated that deer frequently 
jumped the trench. We were surprised that no small mammals (particularly 
shrews) were observed, because they are highly susceptible to falling in 
pitfall traps along drift fences. 


DiscUssION—Effectiveness of the trench as a sampling technique—We 
found the pipeline trench to be effective at catching many amphibian species 
but not reptile species. In a comparable study along a 3.17-km long pipeline 
trench in southeastern Louisiana, Anderson and co-workers (1952) conclud- 
ed that the trench was more effective and less biased than standard field 
collecting techniques. Standard collecting methods along a 0.8-km long strip 
ca. 100 m from the trench proved ineffective, whereas over about a one- 
week period, Anderson and co-workers (1952) removed 610 anurans (18 
species), 32 salamanders (seven species), five turtles (two species), 19 lizards 
(five species), and 12 snakes (eight species) from the trench. We collected 
4 amphibian and 2 reptile species not collected in Louisiana. The Louisiana 
trench differed from ours in being narrower (61 cm), shallower (122 cm), 
and having intact, vertical walls throughout its length, except where it 
crossed swamps. 

Pipeline trenches are ineffective at catching large snakes; seven of the 
12 snakes captured by Anderson and co-workers (1952) were of three small 
snake species, and the largest species was a racer. The paucity of our snake 
captures indicates that snakes either avoided falling into the trench or were 
adept at climbing out of it. Relatively large numbers of neonate snakes are 
caught by drift fencing or by road cruising in fall, yet our trench only cap- 
tured 1 neonate southern black racer. The other two snake species captured 
were small species (southern ringneck snake [Diadophis punctatus], smooth 
earth snake [Virginia valeriae]). No snakes were captured in Section 1 of 
the trench, despite observations over a five-year period of southern black 
racers, eastern diamondback rattlesnakes (Crotalus adamanteus), corn 
snakes (Elaphe guttata), rough green snakes (Opheodrys aestivus), and Flor- 
ida pine snakes (Pituophis melanoleucus) along the driveway through this 
habitat. 

Lizards also are under-sampled by the trench. The only lizards we cap- 
tured were young green anoles, despite the presence of broadhead skinks 
(Eumeces laticeps), ground skinks, (Scincella lateralis), six-lined racerun- 
ners (Cnemidophorus sexlineatus), and other lizards in habitats traversed by 
the trench. In Louisiana, the five lizard species captured included only one 
skink, a southern coal skink (Eumeces anthracinus). Most reptile captures 
in Louisiana came from open, cultivated areas instead of natural habitats. 
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Hylid frogs (Hyla, Acris, and Pseudacris) accounted for 25% of the 
Louisiana captures (nine species) and 67% of our captures (six species), 
indicating that trenches are an efficient method of sampling hylids, unlike 
the standard technique of using pitfall traps along drift fences (Gibbons and 
Semlitsch, 1981; Dodd, 1991). Funnel traps along drift fences also under- 
sample treefrogs, but they are more effective than pitfall traps at capturing 
hylids (K. Enge, pers. observ.). Treefrogs apparently had difficulty climbing 
the vertical walls of the trench; none was observed >% of the way up from 
the bottom of the trench. Treefrogs could ascend the firmer, textured walls 
of the subsoil horizon, but the looser soil of the surface horizons proved 
insurmountable. In drift-fence surveys of bottomland forest and upland hard- 
wood forest in Gadsden County, hylid frogs accounted for only 7.5% (six 
of 33 species) and 2.8% (three of 25 species), respectively, of all amphibians 
and reptiles captured (K. Enge, unpubl. data). 

A single species, the eastern narrowmouth toad, comprised 34% of the 
Louisiana captures (Anderson et al., 1952) and 8% of our captures. Toads 
(Bufo spp.) comprised 25% of the Louisiana captures, but no eastern spade- 
foot toads were captured. Eastern spadefoot toads accounted for 9.5% of our 
captures, but only one was an adult. We suspect spadefoot toads occurred 
in some of the Louisiana habitats sampled, but they probably were not cap- 
tured during the short duration of that study because adults have small home 
ranges and remain in their burrows most nights (Pearson, 1955). 

Herpetofaunal relative abundance data collected from drift fences are 
not comparable to those collected from the pipeline trench. Drift fences with 
funnel traps bias against arboreal anurans, large turtles, and large snakes 
(Campbell and Christman, 1982; Enge and Marion, 1986). The pipeline 
trench biased against all reptiles. Turtles accounted for only 0.8%, lizards 
for 1.7%, and snakes for 0.8% of all captures. In contrast, in a drift-fence 
survey using pitfall and funnel traps in bottomland forest on the Joe Budd 
WMA, turtles accounted for 2.0% (three species), lizards tor 9.6% (five 
species), and snakes for 1.9% (six species) of all captures (N=1,244; K. 
Enge, unpubl. data). In a drift-fence survey using funnel traps in upland 
hardwood forest near Havana, Gadsden County, turtles accounted for 0.9% 
(three species), lizards for 4.6% (four species), and snakes for 3.0% (six 
species) of all captures (N=432; K. Enge, unpubl. data). 


Impacts of the pipeline on herpetofaunal populations—We surveyed 
<0.02% of the pipeline trench in Florida and removed 475 animals that 
likely would have perished when the pipeline was installed. The mortality 
of trapped animals over the 970 km of pipeline trench in Florida may be 
substantial. In sandy soil subject to cave-ins, as in our study area, the pipe 
typically is laid in the trench within a few days after the trench is dug. The 
trench was open longer than usual in our study area because wetland and 
safety violations had resulted in a temporary suspension of work on the 
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pipeline. In rocky or clay soils, however, the trench may remain open for 
several weeks or longer. 

Our trench captured an average of 9.4 amphibians and reptiles per km 
per day, whereas the Louisiana trench captured 27.4 animals per km per 
day. Our capture rate was only one-third of that in Louisiana, but we un- 
doubtedly found only a fraction of the animals that had fallen into the trench. 
Portions of the trench were inadequately surveyed because of flooded con- 
ditions and large piles of caved-in soil in which animals could burrow. 
Heavy precipitation during the course of our study resulted in torrents of 
water flowing into and down the trench. We suspect many animals drowned 
and were washed into large pools of water formed by the two streams. Other 
animals probably were buried under sediments, which were 1-m deep in 
places. 

The 212-m wide strip of cleared earth proved to be less of a deterrent 
to moving amphibians than anticipated, although resident adult anurans were 
captured less frequently than dispersing young. The barren strip had little 
cover, but sufficient precipitation occurred at night to provide suitable con- 
ditions for amphibian movements. In Louisiana, a 16-m wide strip of barren 
earth also was present, but the smaller spoil bank (1-m high) on one side of 
the trench seemingly presented less of an obstacle to moving animals than 
in our study. 

The timing of our study resulted in mostly young-of-the-year anurans 
being captured in the trench, which probably caused less of an impact on 
local populations than if adults had been captured. Many more adult anurans 
of summer-breeding species likely would have been captured if the trench 
had been dug earlier in the year, when they were migrating to or from their 
breeding ponds. In Louisiana, the pipeline trench was surveyed the first week 
of June while five anuran species were exhibiting breeding migrations (An- 
derson et al., 1952). If the trench had been dug later in the year, more winter- 
breeding amphibians would have been captured during their breeding mi- 
grations. A trench across the migration routes of winter-breeding species 
that exhibit mass migrations over relatively short periods of time (e.g., mar- 
bled salamander) would have probably eliminated many of the adults in the 
population. Populations of rare amphibian species susceptible to falling into 
trenches during movements at certain times of the year (e.g., gopher frog 
[Rana capito], flatwoods salamander [Ambystoma cingulatum], striped newt 
[Notophthalmus perstriatus]) could be seriously impacted by trenches 
through their habitat. 

This particular pipeline corridor crosses 897 wetlands in Florida and has 
the potential to impact wetland-dependent species. Rare Florida amphibian 
species that are restricted to certain wetlands include the four-toed salaman- 
der, seal salamander (Desmognathus monticola), many-lined salamander 
(Stereochilus marginatus), pine barrens treefrog (Hyla andersonii), Florida 
bog frog (Rana okaloosae), and carpenter frog (R. virgatipes). Populations 
of these species could be impacted by future pipelines through their ranges. 
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Threats include direct habitat destruction along the pipeline right-of-way, 
alteration of local water tables, water pollution from contaminants (e.g., oil 
or gasoline from the heavy equipment used), and erosion causing sedimen- 
tation of wetlands and deterioration of water quality. In our study, erosion 
along the pipeline right-of-way silted in the seepage areas in the bottomland 
forest adjacent to the portion of the trench where we found four-toed sala- 
manders. Four-toed salamanders lay their eggs <5 cm above the water sur- 
face in moist, mossy vegetation (Means, 1992), which may have been cov- 
ered with a deposit of silt. Siltation of the small streams and seepage areas 
along the pipeline could have killed larval salamanders by clogging their 
gills, burying the leaves and other bottom detritus used for cover, or killing 
their aquatic invertebrate prey base. 

The gopher frog is particularly vulnerable listed amphibian species in 
upland habitats. It has been recorded traveling up to 2.0 km to breed in 
ephemeral ponds (Franz et al., 1988), and the potential exists for pipeline 
trenches to intercept many adult frogs moving to breeding ponds or adults 
and young dispersing from ponds. The time of year the trench is dug and 
the habitats traversed should be taken into account when listed species po- 
tentially could be impacted. 

Considering the increasing demand for energy and the demand for water 
in urbanized areas of South Florida, more pipelines can be expected in Flor- 
ida. To minimize future impacts of pipeline trenches on wildlife, we rec- 
ommend that pipeline installation occur shortly after the trench is dug. If 
trenches must remain open for more than a few days, silt fences should be 
installed parallel to the trench to help prevent animals from falling in. Im- 
mediately prior to installing the pipeline, the bottom of the trench should be 
walked, wherever feasible, and trapped animals removed. Cover at the bot- 
tom of the trench should be searched to detect hiding animals. It is inade- 
quate to survey the pipeline trench for animals from the surface, because 
we estimate that only 1% of the amphibians and reptiles would have been 
visible to observers outside of the trench. Even in the shallower and less 
eroded Louisiana trench, most amphibians and reptiles were found only by 
raking debris in the bottom of the trench (Anderson et al., 1952). 
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NOTEWORTHY PLANTS FROM THE 
TOSOHATCHEE STATE RESERVE 


WALTER KINGSLEY TAYLOR 


Department of Biology, University of Central Florida, Orlando, Florida 32816-2368 


ABSTRACT: The Tosohatchee State Reserve in east Orange County, Florida, has a rich 
flora. Twelve plant species are reported from the reserve because of their uncommon occurrence 
or unusual distribution in central Florida. 


THE Tososhatchee State Reserve (TSR) is just off Taylor Creek Road 
(TCR) in east Orange County, Florida. The main entrance to the 11,333-ha 
reserve is about 4.5 km S of the junction of SR 50 and TCR. Most of the 
acreage of the TSR is bordered on the north by SR 50, on the south and 
southwest by SR 520, on the west by TCR , and on the east by the St. Johns 
River. A straight line distance of about 21 km spans between the reserve’s 
main entrance to the Atlantic Coast. The TSR was purchased in 1977 under 
Florida’s Environmentally Endangered Lands Program. 

The reserve is a mosiac of marshes, swamps, hammocks of sabal palms, 
Sabal palmetto (Walt.) Lodd. ex Schult. & Schult., oaks and pine, and wet 
and dry pine flatwoods of slash pine (Pinus elliottii Engelm.) and pond pine 
(P. serotina Michx.). A large, disturbed pasture-like swath contains in its 
center a huge west-east powerline and to one edge of the swath is Powerline 
Road. Periodically a dozen or more stray cattle graze in the grassy area and 
flatwoods. Despite the disturbances such as logging, road construction, and 
cattle grazing that occurred over the years, the TSR offers a rich variety of 
plants to botanists and to others interested in the flora of central Florida. 

An exhaustive study of the flora of TSR has not been accomplished. 
Hanon (1989) completed a master thesis research project on the flora of four 
study plots in the northern sector of TSR. Except for the toothachegrass and 
twinberry mentioned below, none of the plants reported herein were found 
by Hanon. 

Since 1989, I have made over 75 botanizing trips to the Tosohatchee. 
These trips cover every month of the year. Still, I have not visited all areas 
of the reserve. The plants listed below are noteworthy either because of their 
rare Or uncommon occurrence in the central Florida area or because of their 
unusual distribution. For the plant names and distribution mentioned, I used 
Wunderlin (1982). Voucher specimens are cited with my collection numbers; 
the plants are at the University of Central Florida. 
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SPECIES ACCOUNT—Ctenium aromaticum (Walt.) Wood—TOOTHACHE- 
GRASS—A population of over 50 plants was found in an open, savanna-like 
area of a pine flatwoods located at the southeast part of TSR. Most of the 
pine trees on the area had been logged; the site was burned in June 1994. 
This grass is not common today in either Orange or Seminole counties. 
Specimen collected: WKT 1609, 10 May 1995. 


Panicum abscissum Swallen—CUTTHROATGRASS— This grass is less com- 
mon than the toothachegrass in Orange, Seminole, and the remainder of 
central Florida counties. Wunderlin (1982) cited the species as rare, giving 
a distribution in Highlands and Polk counties. Keith Fisher, biologist at TSR, 
called my attention to the presence of this grass. 

A population of over 100 plants in new growth was found in an open 
area of a pine flatwoods located at the southeast part of TSR. The flatwoods 
was burned in April 1995, destroying the undergrowth of shrubby plants 
thereby creating excellent habitat for the grass. Additional individuals of the 
cutthroatgrass occurred scattered throughout the flatwoods. Specimen col- 
lected: WKT 1608, 10 May 1995. 


Baptisia lanceolata (Walt.) Ell.—I first found this plant on 27 March 
1991. The single individual, located in a pine flatwoods, was in full bloom 
and photographed. This plant has flowered in subsequent years. Since lo- 
cating that plant others of the Baptisia have been found in the powerline 
area, some in flower and some with mature black legumes. Baptisia lanceo- 
lata, though common in north Florida, is rare in central Florida. The To- 
sohatchee plants are the only ones of this species I have seen in our area. 
Wunderlin (1982) cited records from Volusia, Polk, and Hillsborough coun- 
ties. Specimen collected: WKT 496, 27 March 1991. 


Polygala incarnata L.—PROCESSION FLOWER—AlIlthough Wunderlin 
(1982) cited the procession flower to be frequent in the range covered by 
his book, from my field experience the plant in Orange, Seminole, and ad- 
jacent counties is not common. It certainly is not “frequent” as is P. cruciata 
or P. setacea so-listed by Wunderlin (1982). 

Tom Ward, then a U.C.F graduate student, told me in 1992 of the spe- 
cies’ presence at TSR. The plants were visited and photographed. There 
were at least a dozen flowering plants in the dry flatwoods. This milkwort 
has not been observed at any other location at the Tosohatchee. Specimens 
collected: WKT 419, 7 May 1992; WKT 420, 15 May 1992. 


Myrcianthes fragrans (Sw.) McVaugh—TWINBERRY—A large population 
of twinberry, located in a cabbage palm hammock at Orlando Wilderness 
Park (OWP), may be the largest, inland population of this species. OWP is 
located, in a straight line distance, approximately 8.0 km north of TSR. 
Hanon (1989) found this species in his study, and on 10 May 1995, Keith 
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Fisher and I saw the plant on Pawpaw Mound of TSR. Specimen collected: 
WKT 355, 1 May 1992. 


Rhexia alifanus Walt.—Several plants of this occasional-observed mead- 
ow-beauty were discovered and photographed on 26 June 1990. The plants 
were in the grassy swath below the powerline. On 31 May 1991 I noticed 
once again the plants were in bloom. Wunderlin (1992) cited Orange County 
as the southernmost point for central Florida. Specimen collected: WKT 345, 
26 June 1990. 


Forestiera segregata (Jacq.) Krug & Urban.—On 10 May 1995 Keith 
Fisher showed me specimens of this species he had collected the previous 
day. One of the specimens had fruit still attached. The Florida Privet, typi- 
cally a coastal plant, was found at Possum Bluff along the St. Johns River 
Marsh of TSR (NE corner of Sect. 35, T24S, R 34E). Specimen collected: 
WKT 1620, 9 May 1995. 


Eustoma exaltatum (L.) Griseb.—One would not expect to find this 
coastal species at the TSR this far inland. The gentian also occurs alongside 
Wheeler Road which leads to the main entrance of OWP. How this species 
got to these sites is unknown. I first found and photographed the gentian at 
TSR on 6 July 1990. Since that time the population has increased in num- 
bers. Specimens collected: WKT 1616, 12 May 1995; WKT 1617, 12 May 
1995. 


Sabatia stellaris Pursh—This is a species of salt or brackish marshes 
and dunes (Wunderlin 1982). Though rather frequent in coastal counties, S. 
stellaris is rarely inland. A large number of individuals were in the wet 
grassy swath below the powerline. This species also occurs at OWP. Spec- 
imens collected: WKT 300, 19 June 1992; WKT 301, 7 May 1991; WKT 
1618, 1619, 12 May 1995. 


Glandularia maritima (Small) Small.—Like Eustoma, this species and 
the one mentioned below are coastal in distribution. G. maritima occurred 
along the Powerline Road and along Fish Hole Road traversing flatwoods 
and hammocks. The species has gradually increased in numbers since I 
initially found the plants on 14 March 1990. Specimens collected: WKT 
929, 26 June 1990; WKT 926, 27 March 1991; WKT 927, 31 January 1991. 


Glandularia tampensis (Nash) Smali.—There are fewer plants of G. 
tampensis compared to G. maritima. Individuals of G. tampensis were at the 
site where the Eustoma plants grew and where G. maritima was absent. The 
plant was first found and photographed on 6 July 1990. Specimens collected: 
WKT 933, 22 August 1990; WKT 1214, 8 March 1993. 
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Vernonia blodgettii Small—IRONWEED—This more southern species is 
not common in our area. Therefore, finding this plant initially on 30 June 
1990 was a surprise. The plant was photographed and collected. All speci- 
mens of V. blodgettii have occurred along Fish Hole Road. Blooming in- 
dividuals have been observed in January, March, June, July, and October. 
Specimen collected: WKT 694, 30 June 1990. 
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BASKING BEHAVIOR OF TWO ANOLIS 
LIZARDS IN SOUTH FLORIDA 


TIFFANY M. DOAN! 


Department of Biology, University of Miami, Coral Gables, FL 33124 USA 


ABSTRACT: Basking behavior of Anolis sagrei and A. distichus was studied by examining 
the differences in basking patterns between males and females within and between the two 
species. Males and females within a species do not correlate in basking patterns which may 
suggest there are differences in activities between the sexes. Males of A. sagrei and A. distichus 
do correlate in their basking patterns while females differ. Because these species are members 
of the same feeding guild, male basking patterns correlate strongly. This is not true for females, 
probably because females need less time to bask and may partition their basking niche more 
closely. 


REPTILES regulate their body temperatures through several physiological 
mechanisms and behavioral adjustments despite environmental fluctuations 
(Heath, 1964; Lee, 1980). Although numerous thermoregulatory studies on 
many species of Anolis lizards have been performed (Heath, 1964; Adolf, 
1990), no previous study has specifically examined the sexual and interspe- 
cific differences in basking patterns. No difference was found in the basking 
rates or body temperatures of Anolis cristatellus, A. cooki, or A. gundlachi 
males and females (Hertz, 1992 a, b). Lizards bask to regulate their body 
temperatures and may perform other activities while perched in the sun. 
Given the different activity patterns of male and female lizards, it is likely 
that males and females have different energy requirements. Aside from for- 
aging, feeding, and avoiding predators, male anoles engage in territorial 
defense and courtship activity (Andrews, 1971), therefore, it would be adap- 
tive for males to have different basking patterns than females. 

I examined basking behavior in two common introduced Anolis species 
in south Florida, Anolis sagrei, (brown anole), and Anolis distichus, (bark 
anole), with the objective of comparing basking patterns of males and fe- 
males within and between both species. 


METHODS—Anolis sagrei and A. distichus are two exotic species that were repeatedly 
introduced into south Florida from several Caribbean islands (Schwartz, 1971; Lee, 1980; Wil- 
son and Porras, 1983; Lee et al., 1989). The two species are similar morphologically and 
physiologically. Anolis sagrei is the larger, reaching 6.4 cm snout-vent length. A. distichus 
reaches 5.7 cm (Conant and Collins, 1991). The mean preferred body temperatures for Anolis 
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TABLE 1. Spearman correlation results: males and females separate. 


Spearman r 


Direct Filtered Shade Basking 


A. sagrei males vs. females 0.284 0.372 0.695* 0.650 
A. distichus males vs. females 0.594 —0.011 0.055 0.262 
A. sagrei males vs. A. distichus males 0.728* 0.651 .0778** 0.865** 
A. sagrei females vs. A. distichus females 0.074 —0.092 0.564 0.350 


* Significant at .05; ** significant at .01. 


sagrei and A. distichus are 33.3° and 32.0° C, respectively (Corn, 1971). Both species exist 
sympatrically; of the two, A. sagrei is less arboreal (Conant and Collins, 1991). Anolis sagrei 
and A. distichus exploit environmental resources in similar ways and overlap in their niche 
requirements. Because of their similarities, these species may be considered as part of the same 
guild (Root, 1967). 

The study was conducted from 10 February 1993 through 17 April 1993 in the Gifford 
Arboretum, Dade County, Florida (25.40 N, 80.17 W). The arboretum contains a combination 
of native and exotic trees and shrubs that do not form a canopy, but range in height from less 
than 1 m to approximately 9 m. Potential lizard perch sites range from small twigs to branches 
and trunks 50 cm in diameter. Both species are common in the arboretum; A. sagrei is the more 
abundant of the two species. 

During the 12 hour period from 0700 h to 1800 h, the time, species, sex, and basking 
condition (Direct sun, Filtered or partial sun, or Shade) for each adult lizard spotted was re- 
corded. Binoculars were used at a distance of approximately 3 m to prevent disturbing the 
lizards, and I only approached closer to obtain positive sex identification. Because the popu- 
lation at this site was large, it is likely that the same individuals were not counted more than 
once or twice (Adolf, 1990; Hertz, 1992 b). 

Male and female counts were summed separately for each hour of the observation period 
and all values were converted into proportions of the total of lizards for each species, sex, and 
basking condition. Pattern differences between the sexes and species in each basking condition 
were tested using the Spearman rank correlation coefficient (Hale, 1992). 

For final presentation I examined the data in three ways: 1) each sex, species, and basking 
condition were kept separate, 2) Direct and Filtered insolation were combined to form Basking, 
and 3) males and females in each species were combined to compare between species without 
examining sex. 


RESULTS—Forty-eight observation sessions were conducted resulting in 
569 lizard observations. Using the Spearman rank correlation coefficient 
with males and females separate, four significant differences were found 
(Table 1): Males and females of Anolis sagrei have different patterns when 
remaining in Shade (r=0.695, p<.05), males of A. sagrei and A. distichus 
differed in their basking patterns in Direct sun (r=0.728, p<.05), A. sagrei 
and A. distichus males differed in their Shade patterns (r=0.778, p<.01), 
and A. sagrei and A. distichus males differed in their overall Basking pat- 
terns (r=0.865, p<.01). Four correlations were very low: A. distichus males 
and females basking patterns in Filtered light (r=-0.011), A. distichus males 
and females also in their remaining in Shade (r=0.055), A. sagrei and A. 
distichus females in their basking in Direct light (r=0.074), and A. sagrei 
and A. distichus females in basking in Filtered light (r=-0.092). 


18 FLORIDA SCIENTIST [VOL. 59 


TABLE 2. Male and female combined correlations. 


Direct Filtered Shade Basking 
A. sagrei vs. A. distichus 0.680 0.825** 0.728* 0.737* 


* Significant at .05; ** significant at .01. 


When males and females were combined intraspecifically, and compared 
interspecifically, all Spearman rank correlations were significant (Table 2): 
Direct, r=0.680, p<.05; Filtered, r=0.825, p<.01; Shade, r=0.728, p<.05; 
Basking, r=0.737, p<.05. 

Correlations were performed to test whether Direct sunlight and Basking 
were correlated and whether Filtered sunlight and Basking were correlated, 
to determine which component contributed more to overall Basking. Table 
3 shows these results. 


DiscussloN—Because reptiles are ectothermic, they must thermoregulate 
using physiological and behavioral adaptations. Basking is the most efficient 
way to keep body temperatures at optimum, which allows activity levels to 
be increased (Avery, 1979). Anoles perch in the sun to regulate body tem- 
perature, but may perform other activities while basking, such as monitoring 
their territories or foraging. In previous studies on anoles (Hertz, 1992 a, b), 
no intersexual difference in basking was detected. This study showed that 
it is important to examine the sexual differences because when sexes were 
combined, all correlations were significant. 

Males and females within a species in this study do not correlate in their 
frequencies of basking. Male anoles defend territories and solicit mates in 
addition to their other tasks of foraging, feeding, and avoiding predators. 
The sexes have different energy requirements and, therefore, maintain dif- 
ferent patterns of basking. On the other hand, when examining males be- 
tween the species, they do correlate in their basking frequencies. This is 
probably due to the fact that these species share the same food guild and so 
coordinate their times of basking. Females did not correlate in their basking 
patterns. Although this study was not able to show that females bask less 
than males, it is likely the case because of the extra activities that male 
anoles perform (Andrews, 1971). If so, females, who need to bask less, may 


TABLE 3. Direct vs. basking and filtered vs. basking correlations. 


Direct Filtered 
A. sagrei males 0.345 0.013 
A. sagrei females 0.712* 0.003 
A. distichus males —0.063 0.043 
A. distichus females 0.473 0.043 


* Significant at .OS. 
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have more basking times to choose from than do males, which may lead to 
less overlap between the species. 

When I examined which component of basking contributed more to 
overall Basking, I found that for females of Anolis sagrei, Direct insolation 
was more important than Filtered sunlight. For both sexes of A. distichus, 
Filtered insolation was the more important. Anolis sagrei males also trended 
towards Filtered as more important. 

Further studies on these species and other Anolis species need to be 
conducted to further elucidate the relationships between basking and species 
and sex. These species, which belong to the same food guild, may suffer 
from high competition between them. This competition may affect basking 
rate or frequency and should be examined. These species, which have slight- 
ly different sizes and slightly different microclimates, must be studied to 
determine if these traits or others affect basking ecology. 


ACKNOWLEDGMENTS—I thank W. Evoy, J. C. Lee, P. E. Sutton, and, especially, S. Green 
for their help in organizing the design of the study and in editing the manuscript. I also thank 
J. M. Layne for his useful comments in reviewing the manuscript. 


LITERATURE CITED 


ADOoLF, S. C. 1990. Influence of behavioral thermoreguiation on microhabitat use by two Sce- 
loporus lizards. Ecology 71:315-—327. 

ANDREWS, R. M. 1971. Structural habitat and time budget on a tropical Anolis lizard. Ecology 
52:262—270. 

Avery, R. A. 1979. Lizards: A Study in Thermoregulation. Edward Arnold Ltd., London. 

CONANT, R. AND J. T. CoLiins. 1991. A Field Guide to Reptiles and Amphibians: Eastern and 
Central North America. Houghton Mifflin Company, Boston. 

Corn, M. J. 1971. Upper thermal limits and thermal preferenda for three sympatric species of 
Anolis. J.Herpetol. 5:17-—21. 

HALE, R. L. 1992. Mystat: Statistical Applications. Course Technology, Inc., Cambridge, MA. 

HEATH, J. E. 1964. Reptilian thermoregulation: evaluation of field studies. Science 145:784— 
785. 
HERTZ, P. E. 1992a. Evaluating thermal resource partitioning by sympatric lizards Anolis cooki 
and Anolis cristatellus: a field test using null hypotheses. Oecologia 90:127—136. 
HERTZ, P. E. 1992b. Temperature regulation in Puerto Rican Anolis lizards: a field test using 
null hypotheses. Ecology 73:1405—1417. 

Leg, J. C. 1980. Comparative thermal ecology of two lizards. Oecologia 44:171—176. 

, D. CLAYTON, S. EISENSTEIN, AND I. PEREZ. 1989. The reproductive cycle of Anolis 
sagrei in southern Florida. Copeia 1989:930—937. 

Root, R. B. 1967. The niche exploitation pattern of the blue-grey gnat-catcher. Ecol. Mono- 
graphs 37:317—350. 

SCHWARTZ, A. 1971. Anolis distichus. Cat. Amer. Amphib. Rept. 108.1—108.4. 

WILSON, L. D. AND L. PorrRAs. 1983. The ecological impact of man on South Florida herpe- 
tofauna. Allen Press, Inc., Lawrence, KS. 


Florida Scient. 59(1): 16-19. 1996 
Accepted: June 21, 1995. 


Environmental Chemistry 


NUTRIENT LEVELS AT THE SEDIMENT-WATER 
INTERFACE IN LAKE JESSUP, FLORIDA 


ARSHAD ALI! AND MOHAMMED K. ALAM? 


‘University of Florida, IFAS, Central Florida Research and Education Center, 
2700 East Celery Avenue, Sanford, Florida 32771-9608; 
2Statewide Lakes Restoration Section, Florida Game and Freshwater Fish Commission, 
3900 Drane Field Road, Lakeland, Florida 33811 


ABSTRACT: A study was conducted (March 1988 to December 1993) to determine status 
of selected physico-chemical parameters of water and sediments in Lake Jessup, central Flor- 
ida, and to elucidate the relationships between chemistry of the sediments and that of the 
overlying water. Quantitative samples of the lake water and sediments were collected from 12— 
30 stations and analyzed. With the increase in turbidity due to wind actions or other factors, 
soluble reactive P (SRP) concentrations in water at the sediment-water interface and subse- 
quently the concentrations of chlorophyll a in the lake increased. Turbidity and elevated dis- 
solved solids in the water resulted in an increase in electrical conductivity of the water. Mean 
concentrations of Kjeldahl nitrogen, extractable SRP, and total organic carbon in sediments 
were 10.91, 0.0188, and 65.5 mg/g, respectively. Such high concentrations of these nutrients 
in sediments probably interact and affect the overlying water. Sediments in Lake Jessup showed 
a high degree of spatial variability with respect to chemical characteristics. Some areas of the 
lake bottom supported high levels of organic carbon. The results reported here present an 
initial database on nutrient status (water and sediments) of Lake Jessup. 


CONTINUOUS nutrient loading from urban and agricultural activities has 
increased the rate of eutrophication of many Florida lakes. The slow process 
of aging of lakes is accompanied by a gradual increase in nutrients with 
concomitant increased production of animal and plant life. Associated with 
this is a reduction in dissolved oxygen in deep water due to the oxygen 
demand of accumulated organic matter, and a loss in water transparency due 
to blooms of plankton (Hasler, 1947). Nutrients are generally taken up by 
algal cells and aquatic macrophytes (Yount and Crossman, 1970); upon death 
or aging, this tissue (Sonzogni et al., 1982) is deposited on the lake bottom 
along with exogenous organic matter, eventually resulting in accumulation 
of organic deposits. To assess lake eutrophication, it is a common practice 
to monitor lake water chemistry and external nutrient sources discharged 
into the lake (Shannon and Brezonik, 1972; Joyner, 1974; Kaufman, 1975; 
Armstrong, 1979; Canfield, 1981; Ali et al., 1988). Chemistry of sediment 
nutrients and their role in affecting quality of overlying water are often 
ignored. 

In a typical lake, a 1-cm column of surface sediment might contain more 
phosphorus than a 20-cm column of lake water of equal surface area. How- 
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ever, 99% of sediment nutrients are typically in solid phase, and interchange 
of nutrients between solid and solution phases must occur if sediment nu- 
trients are to have a major impact on dissolved nutrients in lake water. A 
substantial proportion of the inorganic phosphorus in lake sediments partic- 
ipates in rapid solid-solution interchange reactions and, therefore, may play 
an important role in controlling the phosphorus status of the lake water 
(Murphy and Riley, 1962; Rigler, 1973; Armstrong, 1979). The success of 
in-lake restoration by reducing nutrient input from external sources depends 
in part on the role of lake bottom sediments in controlling the nutrient status 
of lake water. Recognition of the potentially important role of bottom sed- 
iments is not new (Mortimer, 1941, 1942; Hutchinson, 1957), and therefore 
information on changes in water and sediment chemistry at a sediment-water 
interface is vital to assess the nutrient status of a lake. 

The present study was undertaken in Lake Jessup located in central 
Florida. In the central portion of peninsular Florida, a large number of lakes 
are associated with intense urban development and/or agricultural activities. 
Presently, little or no information is available on current status (nature and 
extent) of nutrient concentrations in the sediments of most of these lakes. 
The purpose of the present study was to develop information on some phys- 
ico-chemical parameters at the sediment-water interface in Lake Jessup and 
to elucidate any relationships between chemistry of the sediments and that 
of the overlying water. 


METHODS—Study area—Lake Jessup is a large (4,314 ha surface) shallow lake (1-2 m 
deep) in Seminole County, Florida. The lake is situated near the center of the county and is 
bordered on the east and north by the St. Johns River. The lake watershed occupies approxi- 
mately 40,737 ha and is divided into 9 major hydrologic subbasins. Stream flow primarily from 
Gee Creek, Soldier Creek, Howell Creek and the Sanford Avenue Canal, is the largest lake 
input (1.17 X 10% m3). Lake elevations tend to follow water surface elevations of the St. Johns 
River at the confluence. When local rainfall is lower than regional rainfall (particularly to the 
south), the river rises and water flows from St. Johns River into the lake. The mean hydraulic 
residence time for lake water varies from 82 to 99 days (Brezonik and Fox, 1976; U.S. EPA, 
1977; Keesecker, 1992), and does not indicate a large flushing action as compared to the nearby 
lakes. Land uses within the watershed include urban residential (30%), agricultural (11%), and 
various undeveloped land cover types (48%) (Keesecker, 1992). Prior to 1983, several cities 
within the Lake Jessup watershed had discharged municipal wastewater into the lake which 
contributed to the accumulation of a thick layer of nutrient-laden organic sediment on the lake 
bottom. However, since 1983, these discharges have been redirected outside the Lake Jessup 
watershed to percolation/evaporation ponds. By comparison, the median (50th percentile) values 
of nitrogen and phosphorus for Florida lakes were estimated at 1.4 and 0.07 mg/liter, respec- 
tively (Friedemann and Hand, 1989). Lake Jessup ranked approximately at percentile 92 for 
nitrogen and percentile 90 for phosphorus, reflecting higher nutrient concentrations than ap- 
proximately 90 percent of the 466 Florida lake stations studied by Friedeman and Hand, 1989. 
The water quality index for Lake Jessup was calculated by Hand et al. (1990) to be 60, which 
is the cutoff value between the fair and poor water quality categories. 


Sampling—Twelve sediment and 30 water sampling stations (1—2 km apart and distributed 
throughout the lake) were established in the lake. Physical appearance of the sediments between 
these sampling stations ranged from clean sand to predominantly muck. Generally, the more 
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shallow stations supported sandy substrates. To determine water pH and turbidity, 3 separate 
samples were collected with a 2-liter Kemmerer bottle near the bottom without disturbing 
underlying sediments at each of 30 stations established for water sampling. Samples were then 
transferred to 1-liter plastic bottles, stored in an ice chest, and analyzed the same day using an 
Orion research-analog pH meter (Model 301, Orion Research, Inc., Cambridge, MA) and a 
turbidity meter (Model DRT 1000, HF Instruments, Bolton, Ontario, Canada). Water tempera- 
ture and dissolved oxygen near the bottom at each station were measured with a portable YSI 
meter (Model 54-A, Yellow Springs Instruments Co., Yellow Springs, OH), and a YSI con- 
ductivity/salinity meter (Model 33 SCT) was used to measure in-situ electrical conductivity. 
Water depth at each sampling station was measured with a graduated pole. 

Quantitative samples of sediments and associated overlying water utilized for analysis of 
chemical characteristics were collected with a previously-described sampler (Ali, 1984). Ap- 
proximately 8-cm cores of sediment (3 replicates) and 250 ml of overlying water were taken 
in each case. These core samples and 3 water samples were collected at each station. A sediment 
depth of 8 cm was selected because this zone is most actively involved in nutrient exchange 
at the sediment-water interface (Berner, 1977; Mortimer, 1971). A 50-ml syringe was used to 
retrieve the required amount of water from above the sediment column in the core tube. Any 
water left after collecting the water sample was siphoned off and discarded prior to extruding 
the desired length of sediment core into a polyethylene bag (Ali, 1984). The appropriately 
labeled sediment and water samples were transported to the laboratory in an ice chest and then 
frozen until analysis within 8 weeks after collection. Three drops of concentrated HCl were 
added to each water sample to stabilize trace-metal content prior to freezing. Water and sediment 
samples were collected at 3-4 monthly intervals from March 1988 to December 1993. A total 
of 1,932 samples (552 sediment and 1,380 water) were collected during the entire study period. 


Laboratory methods—For water analysis, a portion of each water sample was filtered 
through a 0.45 ym filter into a flask containing three drops of 12 N HCl. Filtered samples were 
analyzed for NH,-N, NO,-N and soluble reactive P (SRP). A portion of unfiltered water from 
each sample was analyzed for Kjeldahl nitrogen (TKN), and total phosphorus (TP). 

All sediment samples were analyzed for pH, total organic carbon (TOC), SRP, total P and 
TKN. For total analysis, each sediment sample was dried at 70°C and ground to pass a 40- 
mesh sieve. A Kjeldahl digestion and distillation method was used to determine total N content 
(Bremner, 1965). Dried sediment was digested with nitric-perchloric acid and analyzed for total 
P. Total carbon was determined by a wet oxidation method (Nelson and Sommers, 1982). 

All water samples were analyzed using standard methods (APHA, 1992). Ammonium- 
and NO,-N in the water were analyzed by a steam distillation method (Bremner, 1965). Phos- 
phorus was analyzed by an ammonium molybdate-ascorbic acid method (APHA, 1992). 


RESULTS AND DiscUSsIOoN—Physical and chemical characteristics of lake 
water at the sediment-water interface are summarized in Table 1. Mean con- 
centrations of TKN and total P, respectively, 1.62 and 0.53 mg/liter, were 
higher than the discharges of Gee Creek (1.3, 0.15 mg/liter, respectively), 
and Howell Creek (1.6 and 0.21 mg/liter respectively), into Lake Jessup (St. 
Johns River Water Management District, 1991). This suggests accumulation 
of these nutrients in high concentrations in the lake sediments. The median 
value of 0.25 mg/liter for total P in Lake Jessup water used by Hand and 
co-workers (1990) to calculate trophic state of the lake was lower than the 
average determined (0.53 mg/liter) in our study. A substantial portion of N 
and P was in organic form, most likely tied up as dissolved organic com- 
pounds in microbial or algal biomass. Inorganic forms of N and P repre- 
sented a relatively small fraction of the two nutrients. 
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TABLE 1. Physical and chemical characteristics of lake water at the sediment-water inter- 
face in Lake Jessup, central Florida. Values represent overall means (n = 1,380) and range of 
observations from samples taken from March 1988 to December 1993. 


Parameter Mean + SD Range 
Depth (m) 1.41 + 0.28 1.0-2.1 
Temperature (°C) 21.8 + 5.4 11.9-29.6 
Dissolved oxygen (mg/l) Tee IG 4.6-10.2 
Secchi transparency (cm) Shops) ae IZZIE) 25.0-61.0 
Turbidity (NTU) 6.16 + 2.46 3.35-12.1 
Conductivity (us cm~') TBO Sy 32 22/2 400-1128 
pH 8:32 10/5 6.9-9.2 
chlorophyll a (mg/m*) 60.08 + 21.10 17.68—86.29 
NH,-N (mg/l) 0.30 + 0.13 0.01-0.56 
NO,-N (mg/l) 0.17 + 0.06 0.01—0.32 
Kjeldahl-N (mg/1) 1.62 + 0.60 0.48-3.53 
COD (mg/1) 49.38 + 15.94 29.6-103.7 
Soluble reactive P (mg/1) 0.22 + 0.44 0.01-1.39 
Total P (mg/l) 0.53 + 0.19 0.11-1.72 


Average concentrations of NH,-N and NO,-N at the sediment-water in- 
terface in Lake Jessup were 0.30 and 0.17 mg/liter, respectively. In eutrophic 
lakes, NH,-N levels in summer may fluctuate considerably but may increase 
during winter (Goldman and Horne, 1983), and this may be true for Lake 
Jessup as well. The distribution of NH,-N in water is highly variable sea- 
sonally as well as spatially within the lake and depends upon the levels of 
productivity and the extent of pollution from organic matter. The concentra- 
tion of NH;-N greatly increases under anoxic conditions. Also, under anoxic 
conditions, the adsorptive capacity of the sediment is greatly reduced (Kee- 
ney et al., 1971). A marked release of NH,-N from the sediments then 
occurs. Nitrate (NO,) moves freely through soils along with subsurface wa- 
ters. Nitrate is the most highly oxidized form of nitrogen and is usually the 
most abundant form of combined inorganic nitrogen in lakes. Biological 
uptake lowers concentrations of NO,-N in spring and summer in the photic 
zones. 

Electrical conductivity levels of lake water ranged from 400-1128 ps 
per cm, with a mean value of 750 + 227 us per cm, indicating high con- 
centrations of dissolved solids. High pH and dissolved oxygen levels (Mean 
= 8.3 pH units and 7.5 O, mg/liter), measured during the daytime, suggest 
the presence of significant phytoplankton biomass at the sediment-water in- 
terface. An increase in turbidity due to wind actions, water movement, tur- 
bulence or other factors, causes upward movement of soluble and insoluble 
substances from the sediment-water interface into the water column, and as 
a result dissolved oxygen decreases (r = —0.99), SRP availability at the 
sediment-water interface increases (r = 0.72), and subsequently the concen- 
trations of chlorophyll a in the lake increases (r = 0.64) (Fig. 1). Also with 
an increase in turbidity, levels of dissolved solids increase in the water re- 
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face on the dissolved oxygen (A), soluble reactive phosphorus-SRP (B), chlorophyll a (C), and 
conductivity (D) in water column of Lake Jessup, central Florida. 
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sulting in an increase in electrical conductivity of the water (r = 0.54). Water 
movements are not only important in the physical movement of organic 
matter and algae into and out of photic zones, but they are critical in the 
vertical transport of organic matter, mineralized matter, and nutrients from 
the sediment-water interface to the water column and from shallower depths 
and littoral regions to the deeper open water areas. The density of most 
freshwater planktonic organisms is 1.01 to 1.03 times that of the water (Arm- 
strong 1979). This slightly greater density causes them to sink when in 
undisturbed water (Hutchinson, 1957). Thus, in planktonic habitats, velocity 
of sinking is greater for relatively large, dense particles in open water (Tit- 
man, 1975). However, movements of dissolved or undissolved organic par- 
ticles through water, either by their own mobility or by sinking, effect nu- 
trient gradients in the water column. Also, photosynthetic yield can increase, 
given adequate nutrient availability, to a theoretical point at which total 
absorption of photosynthetically active incident radiation occurs. This ab- 
sorption is distinct from that absorbed by the water itself, by dissolved or- 
ganic matter, and by abiogenic particulate matter (Talling, 1969). As algal 
populations increase biogenic turbidity in progressively more fertile lakes 
such as Lake Jessup, productivity per unit volume of water increases greatly. 

Data analysis indicated few significant relationships between certain pa- 
rameters of water chemistry at the sediment-water interface. This is probably 
due to internal nutrient loadings that hinder detection of nutrient fluxes and 
interactions across the sediment-water interface. However, many significant 
relationships were observed among various parameters quantified in the wa- 
ter column. 

Total P and TKN showed significant correlations with many water-chem- 
istry parameters (Table 2). Such results suggest the significance of external 
inputs or internal loadings to nitrogen and phosphorus concentrations in the 
lake water. Inflow from the St. Johns River to Lake Jessup occurs when 
river stage increases and the watershed and other direct inputs to Lake Jessup 
are not sufficient to increase lake stage to the same level. Total outflow from 
Lake Jessup is comprised of losses to direct evaporation and to surface water 
outflow to the St. Johns River. Surface evaporation averaged 25.7% of the 
annual total outflows and ranged between 17.7 and 31.2%. An average an- 
nual direct evaporation of 5.58 xX 10’ m> is larger than the average Lake 
Jessup volume of 5.21 X 107 m* (Keesecker, 1992). The annual export of 
nitrogen and phosphorus from Lake Jessup to the St. Johns River depends 
on the amount of water exported and the concentrations of these nutrients 
which could change independently of the lake volume. Changes in the nu- 
trient concentrations of water without changes of water volume are assumed 
to result mainly from exchanges with the sediment nutrient pool. 

A determination was made of the nitrogen, phosphorus, and carbon con- 
tent of Lake Jessup sediments, which are quite thick and are likely to interact 
with the overlying waters. The average muck depth in Lake Jessup is 1.39 
m (Snyder, 1990). The long retention of nutrients in the Lake Jessup sedi- 
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TABLE 3. Chemical composition of sediments from Lake Jessup, central Florida. Values 
are means (n = 552) of the samples taken from March 1988 to December 1993. 


Parameters Mean + SD Range 
pH 6.8 + 0.29 6.2-7.3 
Total organic C (mg/g) 65.5 + 4.54 0.21-72 
Carbon! (%) 20.4 12—29.2 
Organic C* (mg/g) 160.00 
Kjeldahl-N (mg/g) 10.91 + 10.76 0.29-28.63 
NH.,-N (mg/kg) 47.1 + 41.5 4.2-99.9 
TKN! (%) ILE (Os) 2 0.293—2.252 
TKN! (mg/g) 17-7286) 22 
TKN? (mg/g) 15.00 
SRP (extract) (mg/kg) 18.8 + 12.44 5.4-49.2 
SRP (water soluble) (mg/kg) 22O 39 0.014—-9.99 
Total P' (mg/l) 5.052? (0.280)*° 2.1807—6.820? 
Total P? (mg/g) 0.485 


' Data from Brezonik and Fox (1976). 

? Unpublished data from SJRWMD (1991). 

* = organic sediments; ° = sandy sediments. 
* = significantly different at P < 0.05. 


ments is due to the large volume of deep, nutrient-rich muck and prolonged 
water retention time. Nutrients entering the lake have time to interact with 
components of the nitrogen cycle of the lake such as biological uptake, 
storage in plant and animal tissues (Sonzgoni et al., 1982), deposition in 
sediments, and regeneration to the water column. 

Chemical characteristics of Lake Jessup sediments (Table 3) show that 
average and range of pH units were lower than in the lake water, and nitro- 
gen and phosphorus concentrations in the sediments were significantly high- 
er than in the overlying water. For purposes of comparisons, sediment nu- 
trient data on Lake Jessup, collected at 2 sampling locations in the lake by 
the St. Johns River Water Management District (1991), and by Brezonik and 
Fox (1976) at 18 unlabeled locations throughout the lake, were obtained. In 
the former study, the reported values of total organic carbon (TOC), TKN, 
and TP in the sediments amounted to 160, 15, and 0.485 mg/g, respectively, 
indicating large deposits of nutrients. Similarly, Brezonik and Fox (1976) 
reported TKN and TP values of 17.7 mg/g and 5.052 mg/g, respectively, 
with a wide range of differences in concentrations of these nutrients pre- 
vailing in organic to sandy sediments of the lake. In our study, the lower 
mean values of TOC (65.6 mg/g) and TKN (10.91 mg/g) than those reported 
in 1991 by the St. Johns River Water Management District, and for TKN 
and TP reported earlier (Brezonik and Fox, 1976), may be attributable to 
the wide spatial heterogeneity of these nutrients in the lake sediments, pos- 
sible sampling deficiencies, and perhaps the improving water quality of the 
lake since the 1983 elimination of point source discharges. However, our 
TOC data are compatible with a mean TOC value of 75 mg/g (Ali et al., 
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1988) for Lake Monroe, a large lake lying within 5-10 km of Lake Jessup 
in the St. Johns River basin. 

The nutrient budget of Lake Jessup calculated recently by Keesecker 
(1992) shows that the lake sediments are net exporters of 90.6 tons/year of 
total nitrogen and 16.11 tons/year of total phosphorus. In Lake Jessup, when 
outflows exceed inflows, nutrients stored in the sediments are probably re- 
suspended and exported to the St. Johns River system. The redirection or 
elimination of point source discharges from Lake Jessup watershed has prob- 
ably shifted the equilibrium of nutrient exchange in the direction of export 
from the lake sediments to the water column and subsequently by outflow 
to the St. Johns River. 

This study provides an initial database on nutrient status, and charac- 
terizes some water and sediment chemistry parameters of Lake Jessup, one 
of the larger lakes of Florida. Such information, presently not available for 
most Florida lakes, is necessary for defining water quality trends and future 
research needs concerning specific water quality related problems of such 
lakes. Further long-term studies on Lake Jessup are needed to understand 
the actual direction and magnitude of nutrient exchange between the sedi- 
ments and overlying water and their eventual impact on the lake trophic 
structure. 
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SPACE, TIME, PROVOCATIVE CLASSROOM 
PHYSICS, AND NOETHER’S THEOREM 


R. SANTOS, B. Vu, AND H. HICKMAN 
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Tampa, Florida 33620 


ABSTRACT: Analysis of a simple classroom physics demonstration indicates that conservation 
of angular momentum can lead to conservation of energy. Interpreted within the framework of 
Noether’s Theorem, this result suggests a classical connection between the properties of space 
and the properties of time. 


EINSTEIN’S theories of relativity establish an unbreakable bond between 
space and time (Einstein, 1956). Classical physics however, does not estab- 
lish such a bond (Frankel, 1979). We were preparing a simple classroom 
demonstration when we noticed that our mathematical analysis of a small 
weight being whirled around at the end of a string indicates that conservation 
of the weight’s angular momentum leads directly to conservation of its total 
energy. Interpreted in the light of Noether’s Theorem, this result suggests 
that it may be possible to classically connect space and time without any 
appeal to the arguments of relativity. 

Suppose one end of a 2 or 3 foot length of string is tied to a convenient 
anchor such as the back of a chair. The string is then run through an ordinary 
drinking straw, and a small weight is tied to the other end. When the straw 
is “‘jerked”’ around in small circles, the weight will whirl around the end of 
the straw as shown (Fig. 1). With a little practice, the weight can be made 
to approximate uniform circular motion as it revolves around the end of the 
straw. 

Our original question was this: How much work is required to “‘advance”’ 
the straw towards the end of the string by decreasing the radius of revolu- 
tion? 

Conservation of angular momentum demands that 


> 


Loperore = L 


afer = OO be ae (1) 
where + is the position vector for the radius of revolution and p is the linear 
momentum of the weight, Pp = my (m is mass and y represents the tangential 
velocity). 

Since neither the direction of L nor the mass of the weight will be changed 
by decreasing the radius, equation (1) can be written in terms of its mag- 
nitudes, 
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Ub 


Fic. 1. The work required to decrease 7 is equal to the final kinetic energy of the mass 
minus the initial kinetic energy of the mass. 


r,mv, = r,mv,, Or just 7,V, = 7,Vos (2) 


since the mass will divide out. 

The work done by decreasing the radius from the point where the radius 
is r, to the point where the radius is r, can be found by evaluating the 
integral 


w=| F-dl. (3) 


The force in equation (3) is just the centripetal force that always accompa- 
nies uniform circular motion, 


7 


> 


F. = ma, = m—(—f). (4) 
r 


c 


In cylindrical co-ordinates dl = dr(+f) so that equation (3) becomes 


W = [’ ee Ale pH CaN S -|" in iP (5) 
if 


Equation (5) seems simple enough, but it is deceptive because it cannot 
be evaluated directly. The velocity is not a constant. Instead, v changes as 
r changes, and that is where conservation of angular momentum enters the 
picture. From equation (2), any rv product equals any other rv product, 
which means that 
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iV, =f) >= ——. (6) 


Substitution of (6) into (5) leads to 


Tq 2) 2 Tq 
MV), 1), aay | 
W=- aeeree es MN 2h | = 
; Ts Diy 

Th ‘bh 


_ my,7, — mv,"r,” 
=e aS (7) 


Di Dive 


Since equation (2) states that v,r, = v,r,, equation (7) finally reduces to 


= I Da I 2 
WwW Bev Ra: : (8) 
which is just the work-energy theorem applied to this system. (A similar 
argument can be found in French (1971).) 

Evidently in this instance, the work-energy theorem is seen to be a direct 
consequence of the conservation of angular momentum. Further, we are 
dealing here with a central force and central forces are always conservation 
(Lunn, 1991). If a force is conservative, then it can be expressed as the 
gradient of some scalar potential, which means that the work-energy theorem 
applied to a conservative force is actually a statement of the principle of 
conservation of energy (Joos and Freeman, 1986). Our classroom demon- 
stration, then, tells us that conservation of angular momentum can imply 
conservation of energy. 

Emmy Noether’s famous theorem relates the properties of space and time 
to the conservation laws of classical physics (Noether, 1918; Tavel, 1971). 
Conservation of angular momentum, for example, is shown to be a conse- 
quence of the isotropy or rotational symmetry of space (Jammer, 1993), 
while conservation of energy results when time is homogeneous (Hill, 1951). 

Noether proves that isotropic space implies conservation of angular mo- 
mentum, and our demonstration shows that conservation of angular mo- 
mentum can imply conservation of energy. Combining those two results 
would indicate that isotropic space can imply conservation of energy. But 
from Noether (1918), it is homogenous time that implies conservation of 
energy. So the question becomes, what can we say about the relationship 
between isotropic space and homogeneous time, since they can both imply 
conservation of energy? 

We would like to say that classical physics actually does predict that 
isotropic space is always accompanied by homogeneous time (as is the case 
in general relativity). Unfortunately, this particular analysis does not lead to 
that conclusion. (Just because A implies C, and B implies C, it does not 
mean that A is equivalent to B.) Stull, our result certainly suggests a classical 
connection between space and time, and it definitely raises doubts about the 
classical supposition that space and time are completely independent. 
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USE OF STEMS OF EMERGENT PLANTS FOR 
OVIPOSITION BY THE FLORIDA APPLESNAIL, 
POMACEA PALUDOSA, AND IMPLICATIONS 
FOR MARSH MANAGEMENT 


RICHARD L. TURNER 


Department of Biological Sciences, Florida Institute of Technology, 
150 West University Boulevard, Melbourne, Florida 32901-6988 


ABSTRACT: This field study examined the distribution among emergent plant stems of egg 
clutches deposited by the amphibious Florida applesnail in four types of marsh in east central 
Florida. Clutch density was highest along the edge of sawgrass marsh and zero in deep marsh. 
Densities in maidencane and mixed shallow marshes were about one-third the density in saw- 
grass. In all marsh types, clutches occurred preferentially on plants having broad stems that 
generally exceeded 6 mm in diameter at water level. Substratum limitation for oviposition 
increased with the frequency of narrow-stemmed plants, but stem height was rarely limiting. 
The four marsh types did not differ in the protection available to clutches against variation in 
water level. The plant species most used for oviposition were Cladium jamaicense, Crinum 
americanum, Pontederia cordata, and Sagittaria lancifolia. Management of applesnail habitat 
should favor a heterogeneous community of broad-stemmed emergent aquatic plants at mod- 
erate density. 


THE FLORIDA applesnail, Pomacea paludosa (Say), is the largest fresh- 
water snail of North America (Blatchley, 1932; Burch, 1982; Pennak, 1989). 
It belongs to the tropical and subtropical family Ampullariidae. Its distri- 
bution in peninsular and northern Florida makes it the northernmost species 
of the genus Pomacea (Haldeman, 1845; Neck and Schultz, 1992). The 
Florida applesnail is amphibious and has biphasic gas exchange: It not only 
obtains oxygen from water by a gill, but it also inhales air at the surface by 
its lung (Brooks and McGlone, 1908). Snails reach the surface of the water 
by ascending the stems of emergent freshwater plants. At night during egg- 
laying (Oviposition) season, females continue the climb well above the sur- 
face and lay clutches of large (3—6-mm) pearl-like eggs in a gelatinous mass 
on the stem. After two or more weeks of embryonic development, juvenile 
snails hatch and drop from the stem into the water below (Hanning, 1979). 

A variety of non-living substrata are used for oviposition. Wallace and 
co-workers (1956) found egg clutches on poles, rocks, boats, and soil banks. 
Clench (1954) described rowboat hulls in Spring Creek, Florida, to be “*plas- 
tered with eggs ... in places over one inch thick.” Turner (1996) found 
clutches of applesnail eggs on concrete and metal culverts, on steel pilings, 
and on the breast feathers of a floating, dead muscovy duck (Cairina mos- 
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Fic. 1. Location of Blue Cypress Water Management Area (BCWMA) East. 


chata). Although these reports indicate the Florida applesnail to be nonse- 
lective, the choices among natural substrata might be narrower. Wallace and 
co-workers (1956), for example, noticed more clutches on emergent plants 
with thicker stems (Cladium, Sagittaria, Typha) than on those with thinner 
stems (e.g., Panicum). Their casual observation makes sense given the broad 
foot and large size of the snail. 

The purpose of this study was to describe the use of natural substrata 
for oviposition by the Florida applesnail. Of particular interest were the 
distribution of clutches among and within plant associations and the char- 
acteristics of plants that make them suitable for oviposition by female snails 
and for retention of clutches during embryogenesis. This information will 
be useful for the effective management of Florida wetlands that hold pop- 
ulations of Pomacea paludosa. 


StuDy AREA—The Blue Cypress Water Management Area (BCWMA) East is a freshwater 
marsh at the northeastern corner of the intersection of Florida State roads 512 and 60, south of 
Fellsmere and west of Vero Beach (Fig. 1). The marsh is owned by St. Johns River Water 
Management District. Part of the area is reclaimed agricultural land. The marsh is bounded by 
high levees, within which are deep perimeter canals. Water flows from the southeastern corner 
to the northwest, where the marsh is hydrologically connected to BCWMA West. Dense stands 
of Typha latifolia (common cattail) outline the marsh along the perimeter canals. Most of the 
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tract is an extensive, shallow, oligotrophic marsh subdivided by low levees that are occasionally 
breached between adjacent cells of the tract. Water depth generally is less than 1 m, and the 
substratum is clean sand, sometimes overlain with sawgrass peat. District personnel have 
mapped the plant associations for 1752 ha (about four-fifths of BCWMA East) based on aerial 
infrared photography conducted in 1989 (Fig. 2). The plant associations are dominated by 
emergent grasses (Gramineae) and sedges (Cyperaceae) (Fig. 3). Fieldwork of the present study 
showed that the vegetation in some areas of the marsh has changed since the baseline data 
were obtained and that boundaries and definitions of the plant associations are sometimes hard 
to determine in the field. The BCWMA East marsh is used by a number of wading and other 
bird species for roosting, nesting, and feeding. Notable among them are predators of the Florida 
applesnail: Rostrhamus sociabilis plumbeus (Florida snail kite), Aramus guarauna (limpkin), 
Quiscalus major (boat-tailed grackle), and Eudocimus albus (white ibis) (Snyder and Snyder, 
1969; Kushlan, 1974; Nesbitt et al., 1974; Kushlan and Kushlan, 1975). The marsh is open to 
recreational use, and the greatest (but unmeasured) impact of human recreation on the Florida 
applesnail probably comes from the operation of air boats in areas of high clutch production. 


MeETHODS—The survey was conducted in 1992 and 1993 within the BCWMA East marsh. 
The four plant associations, other than trees (276 ha), with the highest acreages were selected 
for comparative analysis: maidencane (Panicum) marsh (519 ha), deep marsh (399 ha), sawgrass 
(Cladium) marsh (234 ha), mixed shallow marsh (233 ha) (Figs. 2, 3). Sites were chosen that 
were representative of each plant association and that were suitable for application of the 
sampling method. Where possible, more than one plant association was sampled in a general 
location. As the summer drought of 1993 progressed, sampling was increasingly restricted to 
the deeper western half of the tract. Sampling data for the sites are given in Table 1, and the 
positions of most sites are plotted (Fig. 2). Coordinates for locations were determined by use 
of a hand-held Global Positioning System unit (TransPak I, Trimble Navigation Ltd.). 

Maidencane marsh, deep marsh, and mixed shallow marsh associations were sampled 
along rectilinear transect lines. Transect lines were 25-100 m long. Clutch parameters (see 
below) were measured within a 2-m-wide path along one side of each transect line. Parameters 
of the plant association (see below) were measured within 3—10 quadrats taken at approximately 
5-m (15—20-m for deep marsh) intervals along the other side of each transect line. Separation 
of clutch transects and plant quadrats on opposite sides of a transect line eliminated the effect 
of trampling from application of one sampling method on application of the other but allowed 
paired comparisons of data at one site. 

The sawgrass association was sampled along the irregular edges at which stands of saw- 
grass met other plant associations (Fig. 3C). Curvilinear transect lines 24.8-44.7 m long were 
laid, roughly outlining the sawgrass edge. Clutch parameters were measured along each transect 
line to a depth of | m into the stand because preliminary surveys deeper into stands of sawgrass 
indicated that clutches within dense stands were rare. Parameters of the sawgrass association 
were measured within three quadrats, taken near the center and near the ends of each transect 
to a depth of 1 m into the stand. 

Reproductive activity of the snails was estimated at each site as the density of unhatched 
clutches, representing the approximate clutch production of the previous 2 wk. The number of 
eggs per clutch was counted. Water depth and the elevation of each clutch above the water 
were measured as indicators, respectively, of the potential for stranding of hatchlings and for 
submersion of clutches with changes in water level. Clutch-bearing stems were characterized 


—_ 


Fic. 2. Plant associations mapped within BCWMA East and locations of study sites. 
Designations for 23 of 25 sites listed in Table 1: maidencane (Panicum) marsh (P), deep marsh 
(D), sawgrass marsh (S), mixed shallow marsh (M). 
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TABLE 1. Sampling data for sites in BCWMA East. Transect widths were 2.0 m for all 
locations except for all sawgrass marsh sites (1.0 m) and for mixed shallow marsh site 1 (3.0 
m). 


Site Transect No. of 
num- length quad- 
Plant association ber Date Coordinates (m) rats 
Maidencane marsh 8/20/92 27° 41’ 20.0” N; 80° 38’ 0.5” W 30.0 5) 
6/17/93 western third of tract 25.0 
6/17/93 same as site 2 25.0 


7/07/93 27° 40’ 01.8” N; 80° 36’ 41.5” W 25.0 
7/07/93 PE? BB) NSPS INB SOP SEY SVE VY PL 
7/22/93 27° 40’ 48.5” N; 80° 36’ 15.1” W 25.0 
7/22/93 27° 40’ 07.3” N; 80° 37’ 41.2” Ws .25.0 
9/30/93 27° 41’ 12.1” N; 80° 37’ 48.0” W_ 80.0 
9/30/93 27° 40’ 44.9” N; 80° 38’ 02.6” W_ 100.0 
9/30/93 27° 40’ 15.3” N; 80° 38’ 10.0” W_ 100.0 
9/30/93 27° 41’ 19.0” N; 80° 37’ 08.9” W_ 100.0 
9/30/93 27° 40’ 52.0” N; 80° 37’ 29.8” W_ 100.0 
9/30/93 27° 40’ 30.7” N; 80° 37’ 32.4” W_ 100.0 
8/20/93 27° 40’ 57.9” N; 80° 38’ 15.6" Ws 41.2 
8/20/93 27° 41’ 26.9" N; 80° 37' 47.7" W 44.7 
8/28/93 27° 40’ 21.2” N; 80° 38’ 19.2" Ws 42.1 
8/31/93 27° 40’ 59.7” N; 80° 37’ 24.4" W 24.8 
8/31/93 27° 41’ 30.1” N; 80° 37’ 08.9" W 25.0 
8/31/93 27° 40’ 39.0” N; 80° 37’ 26.0” W 25.0 
7/16/92 27° 41’ 33.0” N; 80° 37’ 57.1" Ws 84.4 
8/20/92 27° 41’ 16.4” N; 80° 37’ 50.8” Ws 25.0 
8/06/93 27° 41’ 05.1” N; 80° 37’ 38.4” W 25.0 
8/06/93 27° 40’ 13.3” N; 80° 38’ 23.7” W 25.0 
8/20/93 27° 40’ 54.6” N; 80° 38’ 08.0” Ws 25.0 
8/28/93 Diz 4053052 N32 802 384215" We) 25:0 
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by species, stem diameter at the surface of the water, usable height for oviposition above the 
surface, and number of clutches per stem. 

Stem densities of emergent species in plant quadrats in maidencane, deep, and mixed 
shallow marshes were estimated within a four-sided floating frame with inside dimensions of 
1 m by | m. For sawgrass, a three-sided frame was pushed into the stand at water level. At 
high stem densities, the quadrat was subdivided into halves or quarters. Representative stems 
of each species of plant were selected to estimate stem diameter at the surface of the water and 
usable height above the surface for oviposition. Water depth was measured near the center of 
the quadrat. References used for plant identification and for names used herein were Stodola 
(1967), Godfrey and Wooten (1979), Bell and Taylor (1982), Duncan and Duncan (1987), and 
Taylor (1992). 

The distribution of clutches among stems of emergent plant species was analyzed by chi- 
square (goodness-of-fit) to test the null hypothesis that clutches were distributed in proportion 
to the frequency of stems. The observed distribution of clutches on stems was determined from 
the clutch survey conducted along one side of a transect line. The expected distribution of 
clutches was estimated from stem densities measured in quadrats taken along the other side. 
The test criterion was the tabulated value for chi-square at P = 0.05 for n — 1 degrees of 
freedom, for which n is the number of plant species with emergent stems in the quadrats. Clutch 
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Fic. 4. Clutches of Pomacea paludosa in mixed shallow marsh. A, on broad stem of 
Pontederia cordata, with occasional narrow stems of Panicum hemitomon; B, on broad flower 
spike of Sagittaria lancifolia, with numerous narrow stems of Eleocharis cellulosa. 


size and clutch elevation among the plant associations were compared by model I one-way 
ANOVAs. 


RESULTS—Sixteen taxa of emergent plant were encountered in plant 
quadrats and clutch transects. Specimens of the genus Leersia and some 
stems of Utricularia that lacked flowers were not identified to species. An 
unidentified grass was rare and was not found after its first appearance in 
samples. The floating-leaved Nymphaea odorata was included only for oc- 
casional stems that were left emergent by declining water levels. The 16 
taxa were clearly distinguishable as narrow-stemmed and broad-stemmed 
plants based on stem diameter and morphology (Fig. 4). Narrow-stemmed 
plants (e.g., the spikerushes Eleocharis spp.) had stems of rather uniform 
diameter (= 6 mm) from base to tip and arose from rhizomes individually 
or in loose clusters. The broad-stemmed plants (e.g., sawgrass) narrowed 
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Fic. 5. Frequencies of stems and clutches at BCWMA East. Black bars, frequencies of 
emergent plant stems; white bars, frequencies of clutches attached to stems. Non-zero values 
= 1% are drawn at 1%. Circles: white, narrow-stemmed plants; black, broad-stemmed plants. 


from wide bases (usually a tight cluster of stems) to their emergent tips and 
had stem diameters of at least 6 mm. 

The four plant associations varied widely in the presence and densities 
of plant species (Figs. 3, 5). Maidencane marsh had a high density of mostly 
narrow-stemmed plants (Table 2, Fig. 5). At the seven sites in maidencane 
marsh, more than half the emergent stems were Panicum hemitomon (1-6 
mm stem diameter), and one-third were Eleocharis cellulosa (1-4 mm) (Fig. 
5). The broad-stemmed Sagittaria lancifolia accounted for only 7% of stems, 
and nine other emergent species encountered had stem frequencies less than 
5%. The six sites in deep marsh were sparsely vegetated (Table 2, Fig. 3) 
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and contained only two species of narrow-stemmed spikerush (1-4 mm), 
which were almost equally represented by stems (Fig. 5). Stem density was 
moderate at six sites along the edge of sawgrass stands adjacent to mixed 
shallow marshes of Nymphaea odorata, E. cellulosa, S. lancifolia, and Utric- 
ularia vulgaris. The broad-stemmed Cladium jamaicense dominated numer- 
ically. The other eight emergent species had stem frequencies less than 5%. 
The six sites in mixed shallow marsh had the highest stem density of the 
four plant associations. Eleocharis elongata (1 mm) dominated, followed by 
S. lancifolia, Panicum hemitomon, and the broad-stemmed Pontederia cor- 
data. In addition, six species of emergent plant with stem frequencies less 
than 5% were recorded from mixed shallow marsh. 

Adult applesnails were rarely encountered in the field and never were 
seen within transects or quadrats. The dark shells of the few that were seen 
were visible against the bare sand of deep marsh, where adults were out of 
reach of avian predators and out of their own reach of the surface for ovi- 
position and, presumably, aerial respiration. Snail kites, when present, for- 
aged successfully in more densely vegetated shallower types of marsh, where 
casual human observation yielded no adult snails. Although no live adult 
applesnails were seen within transects, their clutches were found in all tran- 
sects of maidencane, sawgrass, and mixed shallow marshes (Table 2). No 
stem in deep marsh bore a clutch of applesnail eggs, but nearby stands of 
the other three marsh types held many unhatched clutches—evidence that 
Pomacea paludosa was present and reproductively active in the vicinity 
during the previous 2 wk. Clutch densities in maidencane and mixed shallow 
marshes were similar (Table 2), and they varied similarly among transects. 
Clutch density along the edge of sawgrass marsh to a distance of | m into 
the stand was three times the density in maidencane and mixed shallow 
marshes and was consistently high among transects. The four plant associ- 
ations contributed differently, however, to standing crop of clutches of the 
entire marsh because of their proportionate acreages: Standing crop in mai- 
dencane marsh was more than twice that in mixed shallow marsh of equal 
clutch density, and it was more than 20 times the more conservative estimate 
(based on perimeter) of standing crop in sawgrass marsh (Table 2). Clutch 
size did not differ among plant associations (Table 2; ANOVA, P = 0.130). 

The distribution of clutches within two of three plant associations was 
not predicted by the proportional occurrence of plant stems, and there was 
a strong association of clutches with broad-stemmed plants (Figs. 4, 5). Chi- 
square analyses revealed significantly skewed distributions of clutches 
among stems at most sites in maidencane and mixed shallow marshes. The 
distribution of clutches at all six sites in sawgrass marsh was, however, 
proportionate to the frequency of plant stems (P = 0.05). In maidencane 
and mixed shallow marshes, dominated by narrow-stemmed plants, clutches 
occurred predominately on the rarer broad stems; in sawgrass marsh, dom- 
inated by broad stems, clutches occurred again on the broad-stemmed spe- 
cies but in proportion to their frequency (Fig. 5). In maidencane marsh, only 
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12 clutches were borne on narrow-stemmed plants. The other 57 occurred 
on Sagittaria lancifolia (mean diameter of clutch-bearing stems 10 mm), 
Crinum americanum (18 mm), and Pontederia cordata (8 mm). In the one 
maidencane transect for which the chi-square value was not significant, only 
one clutch was found, and it was attached to a stem of the dominant plant 
Panicum hemitomon. Six narrow-stemmed species comprised 63% of stems 
in mixed shallow marsh but carried only one clutch; the other 86 clutches 
were attached to the rarer broad-stemmed S. lancifolia (7 mm), Pontederia 
cordata (8 mm), and C. americanum (21 mm). Chi-square values were sig- 
nificant at four of six sites in mixed shallow marsh. At a fifth site, five 
clutches were attached to S. lancifolia, which at this site was numerically 
dominant (53.3% of emergent stems) over three narrow-stemmed species 
that carried no clutches. At a sixth site, four of five clutches were attached 
to S. lancifolia (51.9% of emergent stems) and one to its narrow-stemmed 
codominant Panicum hemitomon (47.7%). In sawgrass marsh, most of the 
116 clutches were found on the broad (17-mm), outer, oldest or dead stems 
that enshrouded the narrower, inner, younger, live stems of each culm of the 
dominant Cladium jamaicense; and the rest were attached to S. lancifolia 
(12 mm) and Pontederia cordata (11 mm). 

The frequency of clutches deposited on pairs of adjacent stems and the 
frequency of stems bearing two clutches increased with dominance of the 
habitat by narrow-stemmed plants (Table 2). Paired stems consisted only of 
narrow-stemmed species, single stems of which applesnails rarely used. The 
patchy occurrence of rarer broad stems in maidencane marsh probably re- 
sulted in the greater use of paired stems of Panicum hemitomon and Eleo- 
charis cellulosa. The only use of paired stems in mixed marsh was of P. 
hemitomon, and no paired stems were used in sawgrass marsh. Similarly, 
the rarity of suitable broad stems in maidencane marsh might explain the 
high incidence of repeated use of single stems (stems with two clutches) for 
oviposition (Table 2). Two clutches per single stem was a less frequent 
condition in mixed shallow marsh, and it was least frequent in sawgrass 
marsh despite the high clutch density and low stem density (Table 2). In all 
cases, paired clutches were found only on broad stems. 

The four plant associations differed little in the protection offered to 
clutches against variation in water level (Table 2). Although deep marsh had 
the greatest depth, the lack of clutches gives it only the potential as a refuge 
for adults during drought or drawdown. The other three plant associations 
were much shallower, and the shallowest (mixed shallow and sawgrass 
marshes) were similar in depth. In all three, depths measured in the quadrats 
seemed to be good predictors of depths beneath clutches. Clutch elevations 
above the water were numerically greatest in sawgrass marsh (Table 2), but 
clutch elevations in all three types of marsh did not differ significantly 
(ANOVA, P = 0.502). Clutches on narrow stems were attached much lower 
than others. In maidencane marsh, clutch elevations averaged 105 mm (7 = 
7) on Panicum hemitomon and 69 mm (n = 6) on Eleocharis cellulosa 
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despite the emergent heights of the stems to which they were attached (654 
mm and 480 mm, respectively). The only clutch on a narrow stem in mixed 
marsh was attached at 20 mm elevation on a stem of P. hemitomon of 160 
mm emergent height. 


DiscUss1ION—The densities of clutches in the present study (= 0.603 
m~*) were well within the range found by Owre and Rich (1987) in the 
Everglades (0.06—1.27 m~*). When clutch density is calculated for BCWMA 
East based on estimates of standing crops in sampled plant associations, a 
value for the mapped part of the marsh of 0.165 m~ is obtained if clutch 
density is assumed to be homogeneous in stands of sawgrass and 0.087 m~ 
if clutches are assumed to occur only along the perimeter of sawgrass stands. 
Applying the values of standing crop to the entire 1752-ha mapped area of 
the marsh gives estimates of 2.9 * 10° clutches and 1.5 X 10° clutches, 
respectively. 

The distribution of clutches in the marsh is highly dependent on the 
availability of proper substratum for oviposition. Broad-stemmed plants are 
clearly used more often than narrow-stemmed plants for oviposition by fe- 
male Pomacea paludosa. Wallace and co-workers (1956) also found clutches 
more frequently on Cladium, Sagittaria, and Typha than on Panicum and 
other narrow-stemmed plants. Applesnails encounter stems at the sediment 
surface, and they probably climb stems that give a good footing. The Florida 
applesnail has a broad foot, and the female must hold position on a stem in 
air for one or more hours to deposit a clutch of 10 to 80 eggs one at a time 
at intervals of 2-6 min (Couper in Haldeman, 1845; Hepler, 1974; Hanning, 
1979). Furthermore, narrow stems are likely to bend under the weight of the 
snail, especially during the aerial part of a climb. (Narrow stems might, 
however, be usable by juveniles.) The biomechanical requirement for broad 
stems is also indicated by the frequency (31%) with which clutches on nar- 
row-stemmed species are deposited on pairs of stems and by the short dis- 
tance above water level that the female climbs on narrow stems despite the 
much greater emergent height of the stems. Broad stems are lacking in deep 
marsh; and their availability in maidencane marsh is somewhat limited, 
based on frequencies of clutches on paired stems and of stems carrying 
paired clutches. In addition to their use for oviposition, broad stems probably 
also are used by male and female snails to reach the surface of the water 
for aerial respiration. The frequency of surface inspiration by Florida ap- 
plesnails is known to be directly related to water and air temperatures and 
inversely related to the concentration of dissolved oxygen (Beissinger, 1981; 
Cary, 1985). Further studies on locomotory biomechanics and on selection 
of stems by diameter would be helpful in management, as would respiratory 
studies similar to those already done on animals erroneously or questionably 
identified as P. paludosa (McClary, 1964; Freiburg, 1971; Freiburg and 
Hazelwood, 1977; see Turner et al., 1996). 

Submersion of clutches in water slows embryogenesis, reduces the suc- 
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cess of hatching, and increases embryonic mortality, although submersion 
does not lead to predation by aquatic animals (Turner, 1994). Narrow stems 
are inferior to broad stems in the resistance they provide a clutch to sub- 
mersion by rising water level. Clutch elevations were similar among plant 
associations probably because most clutches occurred on broad-stemmed 
plants, on which the ascent by a gravid female was not limited by stem 
diameter. In these associations, water rising at 11.8—14.8 mm/d would reach 
mean clutch heights over a 2-wk period. Wyman (1875) roughly estimated 
maximal clutch height as 2 ft, and Hanning (1979) measured mean clutch 
height at 150 mm for 121 clutches. 

Preliminary work by Turner and McCaffree (1994) indicates that hatch- 
ling applesnails cannot survive more than 24-h exposure under dry condi- 
tions and 96-h exposure on moist sand. Water depth below applesnail clutch- 
es is not given in the literature. Based on depths measured in the present 
study, plant associations seem to provide more resistance to stranding of 
hatchlings on exposed substratum than to submersion of unhatched clutches. 
The rate of drawdown over 2 wk that would have stranded the hatchling 
snails from clutches standing at the time of this field study was 27.6 mm/d 
in maidencane marsh, 25.0 mm/d in sawgrass marsh, and 23.8 mm/d in 
mixed shallow marsh. 

Diversity of the plant community in Florida marshes must be maintained 
because oviposition and aerial respiration are not the only concerns in the 
biology of applesnails; maintenance of a heterogeneous community is our 
only insurance against human ignorance. We do not know, for example, the 
ways in which plant associations provide refugia against predation on hatch- 
lings and older juveniles. Natural diet is poorly known, and evidence cur- 
rently supports the conflicting alternatives of macrophytic and microphagous 
diets (Turner et al., 1996). The ability of snails to navigate along the sedi- 
ment and among stems might differ as growth forms of plants and their stem 
densities change. Stem density should not be high, for the apparent reduction 
of clutch densities within monospecific stands of sawgrass (see below) in- 
dicates difficulty in penetrating the stand by applesnails. Applesnails are not 
limited by the height of emergent stems as much as the breadth of them. 
Clutch elevation is limited by the tendency of female snails to climb, not 
by the available height of the substratum. The towering stems of sawgrass 
do not, therefore, give any advantage over other broad-stemmed plants in 
resistance to submersion by rising water levels. Again, heterogeneity of the 
plant community is the better choice. 

The absence of clutches in deep marsh should not be interpreted as a 
lack of suitability of this community as applesnail habitat. Although deep 
marsh is not used for reproduction, it might provide a refuge for a remnant 
of the applesnail population during drought or drawdown. Deep marsh also 
serves as a corridor for recreational traffic and thus might reduce human 
impacts on neighboring shallower marshes with high clutch production. Mai- 
dencane marsh is valuable as snail habitat if it contains a moderate frequency 
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of broad-stemmed plants. Management of the marsh should minimize the 
acreage of maidencane marsh or encourage within it the growth of patches 
of suitable plants for oviposition and aerial respiration by snails. Bacopa 
and Utricularia seem to be favored submergent plants for applesnails (Kush- 
lan, 1975) despite the apparent uselessness of their occasional, short, emer- 
gent stalks for oviposition. Research on the role of these and other plants 
as refugia, forage, and substrata for aerial respiration will help in developing 
management plans. 

At three times the clutch density of maidencane and mixed shallow 
marshes, the edge of sawgrass marsh has the potential to hold a high pro- 
portion of the standing crop of applesnail eggs. But clutch densities along 
the perimeter of the stand do not reflect densities of the interior. Preliminary 
data from air-boat transects into sawgrass stands in summer 1992 indicated 
that clutches are rare in dense stands. Opportunities to probe beyond 1 m 
in transects reported in this study did not reveal clutches farther into dense 
stands of Cladium. The lower estimate of standing crop using perimeter of 
Sawgrass marsh is, therefore, probably more accurate than the higher esti- 
mate using acreage. Based on reduced clutch densities and the general ab- 
sence of snails from dense stands of sawgrass (Rader, 1994), broad expanses 
of dense sawgrass might not favor applesnail populations; and management 
of sawgrass as applesnail habitat should emphasize perimeter rather than 
area. 


ACKNOWLEDGMENTS—For their assistance in this work and for many hours of companion- 
ship in the field, I thank Richard Dellinger, Mary Ann Lee, Edgar EF Lowe, Steven J. Miller, 
Kenneth L. Snyder (who provided an exceptional amount of assistance), and Kevina Vulinec 
of the St. Johns River Water Management District (SJRWMD); Kerrie A. Fallon, Kirsti L. 
Halvorsen, Nancy A. Lightowler, Stacey E. McCaffree, and Michael G. Shlepr of Florida In- 
stitute of Technology (FIT). Junda Lin and Timothy C. Tricas (both FIT) advised me on ob- 
servational design and statistics. Robbyn R. Miller (SJRWMD) assisted in data management. 
Kimberli J. Ponzio (SJRWMD) provided or confirmed several plant identifications and made 
several District project maps available for use in this study, including the one modified for Fig. 
2. Thanks go to James W. Masterson (FIT) for help with graphics. The manuscript benefitted 
from reviews by James N. Layne (Archbold Biological Station), M. A. Lee, E. EF Lowe, J. Lin, 
T. C. Tricas, and John H. Dearborn (University of Maine). This study was conducted under 
contract 91D192 with SIRWMD, support from which is appreciated. Information in this paper 
does not necessarily represent the official District position on this subject matter. 


LITERATURE CITED 


BEISSINGER, S. R. 1981. Nest failure and demography of the Everglade kite. 1981 end-of-the- 
year report to U.S. Fish and Wildlife Service, Endangered Species Research Division. 
University of Michigan, Ann Arbor, MI. 21 pp. (Unpublished.) 

BELL, C. R. AND B. J. TAYLOR. 1982. Florida Wild Flowers and Roadside Plants. Laurel Hill 
Press, Chapel Hill, NC. 308 pp. 

BLATCHLEY, W. S. 1932. In Days Agone: Notes on the Fauna and Flora of Subtropical Florida 
in the Days when Most of Its Area Was a Primeval Wilderness. The Nature Publishing 
Co., Indianapolis, IN. 338 pp. 


48 FLORIDA SCIENTIST [VOL. 59 


Brooks, W. K. AND B. McGLone. 1908. The origin of the lung of Ampullaria. Carnegie Inst. 
Washington Publ. 102:95—104. 

Burcu, J. B. 1982. Freshwater snails (Mollusca: Gastropoda) of North America. U.S. Environ- 
mental Protection Agency Report 600/3-82-026. U.S. Environmental Protection Agency, 
Cincinnati, OH. 294 pp. 

Cary, D. M. 1985. Climatological factors affecting the foraging behavior and ecology of snail 
kites (Rostrhamus sociabilis plumbeus Ridgway [sic]) in Florida. M.S. Thesis, Univ. 
Miami, Coral Gables, FL. 58 pp. 

CLENCH, W. J. 1954. Mesodon thyroidus (Say) in Florida. Nautilus 68:23—24. 

DuNcAN, W. H. AND M. B. DUNCAN. 1987. The Smithsonian Guide to Seaside Plants of the 
Gulf and Atlantic Coasts from Louisiana to Massachusetts, Exclusive of Lower Penin- 
sular Florida. Smithsonian Institution Press, Washington, DC. 409 pp. 

FREIBURG, M. W. 1971. A comparison of the structure of the respiratory systems and the oxygen 
consumption of two amphibious snails, Pomacea paludosa Say and Marisa cornuarietis 
Linné (Prosobranchia, Mesogastropoda, Pilidae) in aquatic and terrestrial environments. 
Ph.D. Dissertation. Univ. Missouri, Columbia, MO. 104 pp. 

AND D. H. HAZELWoop. 1977. Oxygen consumption of two amphibious snails: Pomacea 
paludosa and Marisa cornuarietis (Prosobranchia: Ampullariidae). Malacologia 16:541— 
548. 

GODFREY, R. K. AND J. W. WOOTEN. 1979. Aquatic and Wetland Plants of Southeastern United 
States. University of Georgia Press, Athens, GA. 712 pp. 

HALDEMAN, S. S. 1845. A Monograph of the Freshwater Univalve Mollusca of the United States, 
Including Notices of Species in Other Parts of North America. No. 8: Turbidae. E. G. 
Dorsey, Philadelphia, PA. 11 pp. 

HANNING, G. W. 1979. Aspects of reproduction in Pomacea paludosa (Mesogastropoda: Pilidae). 
M.S. Thesis, Florida State Univ., Tallahassee, FL. 138 pp. 

HEPLER, N. M. 1974. Report on Pomacea paludosa. Deerfield Beach, FL. 17 pp. (Unpublished.) 

KUSHLAN, J. A. 1974. The ecology of the white ibis in southern Florida, a regional study. Ph.D. 
Dissertation. Univ. Miami, Coral Gables, FL. 129 pp. 

. 1975. Population changes of the apple snail, Pomacea paludosa, in the southern Ey- 

erglades. Nautilus 89:21—23. 

AND M. S. KUSHLAN. 1975. Food of the white ibis in southern Florida. Florida Field 
Nat. 3:31-38. 

McCrary, A. 1964. Surface inspiration and ciliary feeding in Pomacea paludosa (Prosobran- 
chia: Mesogastropoda: Ampulariidae). Malacologia 2:87—104. 

NEcK, R. W. AND J. G. SCHULTZ. 1992. First record of a living channeled applesnail, Pomacea 
canaliculata (Pilidae), from Texas. Texas J. Sci. 44:115—116. 

NespiTT, S. A., W. M. HETRICK, AND L. E. WILLIAMS, JR. 1974. Foods of white ibis from seven 
collection sites in Florida. Proc. Annu. Conf. Southeast. Assoc. Game Fish Comm. 28: 
517-532. 

Owre, O. T. AND E. R. RICH. 1987. Development and evaluation of field census methodologies 
for the apple snail. Final report to U.S. Fish and Wildlife Service. Univ. Miami, Coral 
Gables, FL. 53 pp. (Unpublished.) 

PENNAK, R. W. 1989. Fresh-water Invertebrates of the United States: Protozoa to Mollusca (3d 
ed.). John Wiley & Sons, Inc., New York, NY. 628 pp. 

RADER, R. B. 1994. Macroinvertebrates of the northern Everglades: species composition and 
trophic structure. Florida Scient. 57:22—33. 

SNYDER, N. E R., AND H. A. SNYDER. 1969. A comparative study of mollusc predation by 
limpkins, Everglade kites, and boat-tailed grackles. Living Bird 8:177—223. 

STODOLA, J. 1967. Encyclopedia of Water Plants. T.RH. Publications, Inc., Neptune City, NJ. 


368 pp. 
TAYLor, W. K. 1992. The Guide to Florida Wildflowers. Taylor Publishing Co., Dallas, TX. 
320 pp. 


TURNER, R. L. 1994. The effects of hydrology on the population dynamics of the Florida 


No. 1 1996] TURNER—OVIPOSITION BY THE FLORIDA APPLESNAIL 49 


applesnail (Pomacea paludosa). Special Publication SJ94-SP3, St. Johns River Water 

Management District, Palatka, FL. 31 pp. 

. 1996. Unpublished observations. 

, M. C. HARTMAN, AND P.M. MIKKELSEN. 1996. Biology and management of the Florida 

applesnail. Florida Game and Fresh Water Fish Commission, Bureau of Nongame Wild- 

life, Tallahassee, FL. In press. 

AND S. E. MCCAFFREE. 1994. Desiccation tolerance of adult and hatchling Florida ap- 
plesnails. Florida Scient. 57(Suppl. 1):18-19. (Abstract.) 

WALLACE, H. E., C. M. LOVELESS, E J. LIGAS, AND J. A. POWELL. 1956. Wildlife investigation 
of the central and southern Florida flood control project. Annual progress report for 
Investigations Project as required by Federal Aid in Fish and Wildlife Restoration Acts. 
Florida Game and Fresh Water Fish Commission, Tallahassee, FL. 36 pp. (Unpublished.) 

WYMAN, J. 1875. Fresh-water shell mounds of the St. John’s River, Florida. Peabody Academy 
of Science Memoir 4. Peabody Academy of Science, Salem, MA. 94 pp. 


Florida Scient. 59(1): 34-49. 1996 
Accepted: July 18, 1995. 


Biological Sciences 


SEQUENTIAL STORMS CAUSE ZONE-SPECIFIC 
DAMAGE ON A REEF IN THE NORTHERN 
FLORIDA REEF TRACT: 

EVIDENCE FROM HURRICANE ANDREW AND 
THE 1993 STORM OF THE CENTURY 
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MBEF Division, Rosenstiel School of Marine and Atmospheric Science, 
University of Miami, 4600 Rickenbacker Causeway, Miami, FL 33149 


ABSTRACT—Hurricane Andrew, the most powerful storm to hit South Florida in over 50 
years, passed directly over the northern portion of the Florida Reef Tract on 24 August 1992. 
Seven months later, a strong winter storm (The Storm of the Century, 12—13 March 1993) 
pounded the recovering reef communities for a period of two days. In this paper, we quantify 
the coral community on a reef directly affected by both storms, attempt to separate the reef 
into zones using several multivariate techniques, and document zone-specific damage to cor- 
als following each of the storm events. Coral cover on Elkhorn Reef in Biscayne National 
Park is high (43%) relative to surrounding reefs. Several ordination and classification meth- 
ods were used to detect coral zonation. PCA analysis showed separation of the reef into 
three zones, fore-reef, reef-flat, and rubble zone. The reef-flat and rubble zones experienced 
significant damage during Hurricane Andrew, with most of the damage sustained by the 
branching coral Acropora palmata. Nearly all colonies had broken branches, but < 30% 
were entirely shattered. Overall, damage to corals was less than expected given the strength 
and proximity of the storm. In contrast, the Storm of the Century had significant effects only 
on reel-flat corals. This lower intensity but longer duration storm removed hurricane-gen- 
erated live A. palmata fragments reducing potential rates of asexual recruitment, and greatly 
reduced the cover of Porites astreoides, a species largely undamaged by the hurricane. Thus, 
sequential storms of varying magnitude and duration caused different patterns of coral dam- 
age within a single reef system. 


CORAL reefs are diverse and highly productive marine ecosystems dis- 
tributed in shallow hard-bottomed tropical areas throughout the world 
(Wells, 1988). Recent evidence has demonstrated that natural disturbance is 
an important force affecting the structure and function of many reef com- 
ponents (e.g., Johannes, 1975; Knowlton et al., 1981; Pearson, 1981; Potts, 
1983; Hughes and Jackson, 1985; Stoddart, 1985; Williams and Bunkley- 
Williams, 1990; Glynn, 1993; Rogers, 1993). In the last 30 years, 60 major 
coral reef bleaching events, 44 major outbreaks of the corallivore Acan- 
thaster plancii (Glynn, 1993), and several severe tropical storms or hurri- 
canes (Stoddart, 1963; Woodley et al., 1981; Rogers et al., 1991; Rogers, 
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1993) have been recorded. Hurricane Andrew, the most powerful storm to 
hit South Florida in over 50 years, passed directly over the northern portion 
of the Florida Reef Tract, providing a unique opportunity for research on 
hurricane-generated disturbance and recovery. 

The impact of hurricanes of similar intensities on reef community struc- 
ture varies across regional, topographical, and zonal scales (Rogers, 1993). 
This variability is explained, in part, by the physical characteristics of in- 
dividual storms and reefs, the biotic characteristics of the reef community, 
and the history of storm frequency. Physical factors such as depth, wind 
speed, and wave strength will influence both damage and recovery of reefs 
after storms (Woodley et al., 1981; Massel and Done, 1993). Biotic factors 
that influence rates of damage and recovery include community structure, 
life history strategies of the dominant species, and competition among col- 
onizing species (Andres and Rodenhouse, 1993; Rogers, 1993). Similarly, 
the outcome of a storm can be greatly affected by the previous disturbance 
history of the area (Hughes, 1989; Witman, 1992). Understanding the eco- 
logical history of a reef is critical to the interpretation of the specific impacts 
of a particular physical, biological or anthropogenic disturbance (Grigg and 
Dollar, 1990). Because of this, it is important to characterize each storm and 
its associated effects individually, and to give special attention to the local 
characteristics of the affected communities. 

In addition, there is a growing belief among ecologists that catastrophic 
events such as hurricanes should not be considered just as discrete occur- 
rences with their influences concentrated over a short period of time, but as 
dynamic processes that may have long-term effects upon the affected sys- 
tems (Stoddart, 1985). When looking at the effects of severe storms on reefs, 
some of the processes that will affect the recovery of the community long 
after the occurrence of the initial physical damage include delayed mortality 
of certain organisms, shifts in community composition, and the continuing 
movement and adjustment of storm generated sediments and rubble (Knowl- 
ton et al., 1981, 1990). The occurrence of a severe winter storm within seven 
months of Hurricane Andrew enabled us to examine the compounding ef- 
fects of multiple disturbances on a reef community. 

There are several reports on hurricane damage to Florida reefs. Hur- 
ricane Donna (9-10 September 1960; sustained winds in excess of 210 
kph) produced severe devastation of corals on Key Largo Dry Rocks (Ball 
et al., 1967). Although the damage to both massive and branching corals 
was considerable, significant recovery of this community was apparent just 
one year after the storm (Shinn, 1976). Only five years later, Hurricane 
Betsy (8 September 1965; sustained winds in excess of 195 kph) passed 
through the Florida Keys (Perkins and Enos, 1968). Because the most sus- 
ceptible corals had already been removed by Donna, and not enough time 
had passed between storms for the coral community to regain its former 
coral cover and complexity, the effects of Betsy were less severe (Perkins 
and Enos, 1968; Shinn, 1976). Lastly, Hurricane Kate (21 November 1985; 
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sustained winds up to 100 kph) produced a substantial amount of tissue 
damage to corals within the Key Largo Marine National Sanctuary (Git- 
tings et al., 1988). 

In this paper, we document events following Hurricane Andrew, includ- 
ing additional damage created by a strong winter storm, on a reef in the 
northern portion of the Florida Reef Tract. Special attention was provided 
to the differential effects of the storm on different coral morphotypes and 
coral assemblages found in three zones within the reef. 


METHODS—Storm descriptions—Hurricane Andrew was a compact and quickly moving 
storm that crossed South Florida on 24 August 1992 (Fig. 1). Maximum sustained winds of 
225 kph with gusts to 285 kph were measured 15 km north of our study site (Powell and 
Houston, 1993; Rappaport and Sheets, 1993). Hindcasts from simulation models of the storm 
as well as an assessment of wind damage to terrestrial structures suggested that maximum 
winds may have been higher, but all of the wind gauges were destroyed in the first hours of 
the storm. It is estimated that winds were slightly less than maximum, about 210 kph, directly 
over Elkhorn Reef. This storm ranked as a category 4 storm on the Saffir-Simpson hurricane 
damage-potential scale (Ahrens, 1993), making Hurricane Andrew the largest storm to hit South 
Florida in at least 50 years. 

The Storm of the Century roared across Florida producing severe weather conditions for 
a period of about 18 hours on 12—13 March 1993. Sustained winds in excess of 75 kph with 
gusts to 100 kph were recorded in several areas of South Florida, including the Florida Keys 
(Storm Data, 1993). 


Study site—Elkhorn reef (25° 21.766’ N, 80° 09.961’ W) is an isolated reef in the northern 
region of the Florida Reef Tract (Fig. 1). Jaap (1984) characterized this reef as a transitional 
or embryonic bank reef that has not reached full development. It covers approximately 4.5 
hectares and is surrounded by sand plains and seagrass beds. Although it is a mid-shelf for- 
mation located 2.5 km from the outer reef, it is afforded little protection from wave action 
because to the E and S-E, the direction of the prevailing wind, the fore-reef is discontinuous 
(Shinn et al., 1989). The long axis of the reef is oriented N-S and there is no typical reef crest 
formation; rather there is a relatively wide and shallow reef-flat (Fig. 2). 


Community structure and zonation—Our initial survey of Elkhorn Reef occurred on 27 
September 1992, one month after the hurricane. Visual observations of the extent of damage 
to different coral species were noted. The structure of the storm-damaged coral community at 
Elkhorn Reef was quantitatively sampled in March 1993, seven months after the hurricane and 
prior to the Storm of the Century, using a continuous belt transect running along the E-W axis 
of the reef. For this transect, we used a 1 m? quadrat divided into 100 equal subdivisions. 
Within each quadrat along the transect (n = 95), we made a visual estimate of the number of 
subdivisions occupied by each coral species, including live coral fragments. Belt quadrat meth- 
ods have been shown to provide the necessary information to characterize reef communities 
(Weinberg, 1981; Bythell et. al, 1991; Sullivan and Chiappone, 1992). 

The data matrix that resulted from the belt transect performed across the reef consisted of 
15 variables (14 coral species or species groups and gorgonians) measured from 95 quadrats. 
To determine whether significant patterns (e.g., distinct associations) could be extracted from 
these data, we performed a Principal Component Analysis (PCA) with Varimax rotation to 
facilitate its ecological interpretation (Santos, 1993). The coral coverage data was square-root 
transformed prior to the analysis (Warwick et al., 1990). Due to differences in colony size 
among coral species, we performed the PCA on the correlation matrix (see Gauch, 1982 for a 
description of this method). PCA is often used in ecology as an exploratory ordination technique 
to determine data dimensionality and patterns. This technique substitutes the original variables 
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Fic. 1. Map of South Florida including the path of Hurricane Andrew with demarcations 
indicating bands of approximate maximum sustained winds, the boundaries of Biscayne Na- 
tional Park, and several of the larger reefs of the northern Florida Reef Tract. The star shows 
the location of the study site, Elkhorn Reef. 


for a set of orthogonal linear combinations of the variables (Pielou, 1984; Ludwig and Reynolds, 
1988). This is specially useful in cases when the original variables, such as the cover of different 
coral species in this study, are highly correlated. A dissimilarity matrix of the data was further 
subjected to non-metric Multi-Dimensional Scaling (Kruskal and Wish, 1978; Clarke and Green, 
1988) and hierarchical classification techniques (Howard, 1990) to determine whether additional 
structure could be determined. 
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Fic. 2. Aerial photograph of Elkhorn Reef. Scale: 1:1800. Photograph provided by Rich- 
ard Curry, Biscayne National Park. 


A second method was used to quantify coral cover following the Storm of the Century in 
April 1993. In this case, three Line Intercept Transects (LITs; Loya, 1972, 1978) were performed 
within the rubble and reef-flat zones. For each LIT (25 m in length), we estimated the cover 
of corals by calculating the fraction of the length of the line that was intercepted by the coral 
colonies found in each |-meter interval. Although LITs sample a smaller area, they are time- 
effective and are more easily performed under the rough sea conditions commonly encountered 
in the shallow portions of Elkhorn Reef during high-wind months. Bouchon (1981) and Dodge 
and co-workers (1982) found line intercept and quadrat methods to give similar community 
estimates, whereas Ohlhorst and co-workers (1988) ranked the LIT methods higher in efficiency 
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TABLE 1. Percent coral cover (+S.E.) within each major zone on Elkhorn Reef. Massive 
corals include species in the genera Montastraea, Siderastrea, and Diploria. The only quanti- 
tative survey of the fore-reef was performed after the Storm of the Century (12-13 March 
1993); no apparent damage to corals was observed at this time. 


Reef zone: Fore-reef Reef-flat Rubble zone 
Mean depth (m): Sal 1.2 Ls7/ 
Date: 5-15-1993 3-10-1993 4-15-1993 3-8-1993 4-11-1993 
Survey method: BT BT LIT BT LIT 
Acropora palmata 
Standing colonies 0.0 (0.0) 18.2 (4.0) P2525) 5.4 (1.7) 533) (25) 
Live fragments 0.0 (0.0) 17.9 (2.8) 11.3 (1.8)* ie) REI 223)) 
Porites astreoides 4.8 (1.0) LSS Cle) 27a(O)s DAS) (ie) Sor (Alsib) 
Porites porites 20.5 (3.3) Dale G3)) 0.3 (0.1) 0.3 (0.2) 1.1 (0.5) 
Millepora spp. 5.9 (1.3) Sia) (22) 3.8 (1.0) 1.9 (0.7) 2.8 (0.9) 
Massive corals 8.9 (1.5) E25 (O'S) 1.3 (0.4) 2.3 (0.9) 2.6 (1.1) 
Total hard coral AOA) 59.0 (4.5) 31.9 (2.8)* 23.6 (4.3) Dia (B33) 
Gorgonians 39.4 (3.3) 5.7 (1.3) 2.6 (1.1) 7.9 (1.9) 2.1 (0.8)* 


BT: Belt transect; LIT: Line-intercept transect. 
* Statistically significant change between surveys (p < 0.05). 


compared to the quadrat technique. Cover of individual coral species between sampling times 
was compared with t-tests. 


RESULTS—Coral distribution and zonation—Coral cover on Elkhorn 
Reef after Hurricane Andrew was very patchy; along a belt transect that 
bisected the reef, percent coverage of corals ranged from O—100%. Highest 
coral cover occurred in three distinct regions; two were in the shallowest 
areas (0.5—1.5 m) and one in the deepest (3.0-6.0 m) region of the reef 
(Table 1). Mean coral cover was 42.3 % (S.E. = 2.8). 

Several techniques were used to determine the structure of the coral 
community on Elkhorn Reef. Hierarchical classification methods using dif- 
ferent dissimilarity measurements (e.g., Bray-Curtis Dissimilarity, Standard 
Euclidean Distance) resulted in the formation of two main clusters; one 
comprising the sampling units from the deeper zone and another combining 
all sampling units from the shallower sections of the reef. None of these 
techniques revealed a clear zonation within the shallow areas. Lastly, a 
scatter plot obtained through Multi-Dimensional Scaling, a nonparametric 
method that uses the rank order of similarities between samples (Kruskal 
and Wish, 1978), did not reveal any straightforward clustering of sampling 
units. 

The Principal Component Analysis performed on the cover data showed 
distinct zonation patterns even within the shallow portion of the reef. A 
biplot of the rotated factors of the first two Principal Components (PC) 
revealed that distinct coral communities can be found in three different reef 
zones: fore-reef, reef-flat, and rubble zones (Fig. 3). Although some degree 
of clustering was apparent, overlap can be seen among the communities, as 
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Fic. 3. principal Component scores plotted against the first two Principal Components. 
The data matrix consists of 15 variables (14 coral species or species groups and gorgonians) 
measured from a belt transect bisecting the reef. 


can be expected in a shallow reef without any steep changes in depth. The 
first PC explained 39% of the total variance, whereas the second PC ac- 
counted for 16%. Altogether, the first three PCs (eigenvalues > 1) explained 
approximately 70% of the total variance. Table 2 shows the variable loadings 
for the first three rotated principal components. The first component was 
highly correlated with the cover of Acropora palmata and Porites porites, 
the second PC was highly correlated with the cover of P. astreoides, and 


TABLE 2. Variable loadings of first 3 Principal Components (PC) after Varimax rotation. 
Loadings are provided for the coral species or species groups with the highest coverages (% 
cover) on Elkhorn Reef. 


Variables PCI PC2 PC3 
Acropora palmata colonies —0.92 0.06 —0.11 
Acropora palmata fragments —0.81 —0.24 0.07 
Porites astreoides 0.03 0.98 0.01 
Porites porites 0.33 0.02 0.05 
Millepora spp. 0.04 —0.01 0.99 


Gorgonians 0.20 0.05 0.14 
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the third with the cover of fire corals (Millepora spp.). These components 
clearly represent the physical gradients commonly associated with the zo- 
nation of shallow reefs in the Caribbean. These variables include wave action 
and the related factor sedimentation (Geister, 1977; Done, 1983: Graus and 
Macintyre, 1989). Shallow, high-energy reef-fiats such as the one found on 
Elkhorn Reef are commonly dominated by disturbance-adapted species such 
as A. palmata, P. astreoides, and Millepora spp. whereas finely branched 
species such as P. porites and massive corals are more common in deeper 
zones (Geister, 1977). 


Zone-specific damage patterns—Our initial observations on September 
1992 revealed that hurricane damage was greatest on the reef-flat and rubble 
zones. However, even within these zones, damage was variable. The most 
common type of direct damage was broken branches of Acropora palmata. 
On the reef-flat and rubble zones, almost 90% of the A. palmata colonies 
that remained standing on an upright stalk after Hurricane Andrew had some 
broken branches. In addition, 20-30% of the elkhorn colonies were no lon- 
ger standing, but had been completely overturned or shattered. In the reef- 
flat and rubble zones, we observed that nearly half of the total cover of A. 
palmata was downed fragments. In the rubble zone, there was additional 
damage to massive corals. However, this damage was minor, mostly surface 
scouring with little breakage or overturning. Less than 5% of the large col- 
onies of massive corals, including Siderastrea siderea, Diploria strigosa, 
and D. clivosa were overturned. We observed no damage to coral colonies 
occupying the deeper fore-reef zone. 

Based on the comparison between cover of standing elkhorn colonies 
and live elkhorn fragments, the highest disturbance was recorded in the 
rubble zone (Table 1). The mean percent cover of standing colonies in this 
zone was 5.4 (S.E. = 1.7) while mean percent cover of detached fragments 
was 11.1 (S.E. = 1.5). In the reef-flat, where the branching A. palmata 
dominates, 17.9 % of the benthos was covered by A. palmata fragments and 
18.2% by standing colonies of this coral species. This pattern may be ex- 
plained in part by a “‘domino”’ effect, where broken branches are carried 
downstream by wave-generated storm surge, possibly compounding the 
damage produced on the rubble zone. Elkhorn coral is not found in the 
deeper fore-reef. 

The effects of the Storm of the Century on the coral community on 
Elkhorn Reef appeared to be zone-specific as well. Significant changes in 
total coral cover were only detected on the shallowest area of the reef, the 
reef-flat. In this zone, the cover of the encrusting, boulder-like coral Porites 
astreoides experienced a significant decrease (Table 1). This is a surprising 
result given that no evidence of damage to this species (e.g., dislodged or 
scoured colonies) was discovered after the much stronger Hurricane Andrew. 
Another effect of this winter storm was the removal of hurricane-generated 
elkhorn fragments from the reef-flat. Given the high energy environment of 
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this shallow zone, these fragments may not have recemented to the substrate 
or to other colonies since the hurricane, making them susceptible to removal 
by subsequent storms. Lastly, the rubble zone, significantly damaged by 
Hurricane Andrew, was mostly unaffected by the Storm of the Century (Ta- 
blew): 


DiscUss1oN—The zonation of the coral community on Elkhorn Reef is 
consistent with the patterns described for other Caribbean reefs subject to 
similar wave conditions (Graus and Macintyre, 1989). The fore-reef is oc- 
cupied by a mixed coral community dominated by massive corals, the 
branching coral Porites porites, and gorgonians. These species were not 
affected by either Hurricane Andrew or the Storm of the Century. Other 
researchers have found a similar trend for reduction in damage with depth 
that can be attributed to decreased exposure to wave-generated storm surge 
(Woodley et al., 1981; Hubbard et al., 1991). 

When waves break on a shallow reef-flat, a disturbance-adapted coral 
assemblage often develops (Geister, 1977). The species that dominate the 
reef-flat on Elkhorn Reef are Acropora palmata and Porites astreoides. Al\- 
though both species are adapted to, and perhaps dependent on disturbance 
(Highsmith, 1982; Done, 1983; Gittings et al., 1990) they have very different 
adaptive strategies. A. palmata, one of the major reef-building corals of the 
Caribbean, is a branching, fast growing coral with a thick anchoring stem 
of unusual structural strength (Schuhmacher and Plewka, 1981). Addition- 
ally, each colony may align its branches parallel to the prevailing water flow 
to minimize breakage (Graus et al., 1977; Schuhmacher and Plewka, 1981). 
The main mode of propagation of this species is by fragmentation (High- 
smith et al., 1980; Highsmith, 1982); and some feel that this ability to readily 
produce new asexual recruits from wave-generated fragments is an adapta- 
tion to wave stress (Highsmith, 1982; Lirman and Fong, 1995). P. astreo- 
ides, a small, hemispherical or encrusting coral, has been found to possess 
a high reproductive output (McGuire, unpublished results) and high recruit- 
ment success, enabling it to colonize and persist in high energy environ- 
ments. P. astreoides is also one of the first coral species to appear in dam- 
aged reef areas (Smith, 1983; 1990) and is often abundant in unstable hab- 
itats (Gittings et al., 1990). However, P. astreoides is known to be an in- 
efficient sediment rejecter (Bak, 1978), probably explaining its low cover in 
the sediment-covered rubble-zone. 

Whereas Acropora palmata experienced significant damage during Hur- 
ricane Andrew, Porites astreoides appeared to be mostly unaffected. This 
pattern was reversed after the Storm of the Century on the reef-flat. In this 
case, there was a significant decrease in the cover of P. astreoides, while A. 
palmata colonies did not appear to suffer any additional fragmentation. Hur- 
ricane Andrew may have removed the most susceptible A. palmata colonies, 
rendering the remaining population less susceptible to further branch-break- 
age. Conversely, P. astreoides colonies that survived Andrew may have been 
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weakened by the hurricane, and were unable to remain attached during the 
subsequent storm. On Elkhorn Reef, the sequence of storms reduced both 
present populations and future reproductive potential for both of these dom- 
inant species of coral, suggesting that these species may be adapted to a 
single disturbance event, but not a series of events. 

It is widely held that susceptibility of corals to physical damage is de- 
pendent on their size, morphology, and colony structure. It is well docu- 
mented that branching and foliose corals with slender attachments to the 
bottom and high surface to volume ratios such as Acropora palmata are 
most susceptible to hurricane damage (Woodley et al., 1981; Rogers et al., 
1982; Williams, 1984; Fong and Lirman, 1994; Tilmant et al., 1994; Lirman 
and Fong, 1995). On the other hand, massive or encrusting corals with a 
low surface-to-volume ratio are considered to be resistant to physical dam- 
age, only overturning during very strong hurricanes (Stoddart, 1985; Ed- 
munds and Witman, 1991). The survey of coral damage on Elkhorn Reef 
after Hurricane Andrew supports this paradigm, but after the Storm of the 
Century, the pattern was reversed. This result supports the idea that the 
disturbance history of a system plays an important role in the outcome of 
future disturbances (Hughes, 1989). 

Direct damage to corals on Elkhorn Reef was less severe after Hurricane 
Andrew than that found after storms of lesser magnitude in the tropical 
western Atlantic. This supports earlier findings that the amount of hurricane 
damage cannot be predicted solely from wind speed (Rogers, 1993). For 
example, when Hurricane Allen passed near the north coast of Jamaica in 
1980 it caused wholesale tumbling and shattering of massive corals and 
reduced the living branch area of Acropora spp. by up to 99% (Woodley et 
al., 1981). This amount of damage was sustained even though winds were 
thought to have been reduced to 110 kph over these reefs, because of the 
distance from the eye of the storm. In contrast Hurricane Andrew, with 
estimated winds exceeding 200 kph over our study site, caused significantly 
less damage to the coral community. Perhaps more surprisingly, Hurricane 
Andrew caused less damage to Floridean reefs than Hurricane Edith, a much 
less intense storm, inflicted on Puerto Rican reefs. Glynn and co-workers 
(1964) reported 50 to 100% demolition of extensive A. palmata fields on 
several reefs following this storm. The patchiness of the direct damage to 
Elkhorn reef was even more surprising in light of the relatively long interval 
(> 25 yr) since the last major hurricane. 

We propose three possible explanations for why Hurricane Andrew 
caused less damage to the coral community compared to other storms in the 
Caribbean. First, although Elkhorn Reef is a relatively diverse and complex 
reef compared to others in the northern Florida Reef tract, it still has a less 
developed community compared to other Caribbean reefs. The amount of 
the benthos covered by coral at Elkhorn Reef is higher than nearby reefs. 
Just south of Elkhorn Reef, coral cover on Ball Buoy Reef was 32% in 
1991, while to the north, at Triumph Reef, coral cover was much lower, 
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about 2% (Porter and Meier, 1992). However, Discovery Bay had a more 
developed and structurally complex community before Hurricane Allen than 
Elkhorn Reef did before Andrew. On one of the most damaged reefs in 
Discovery Bay, combined cover of all hard corals ranged from 33-71%, 
well above coral cover on Elkhorn Reef. In addition, Discovery Bay had 
more species of branching and foliose corals such as, Acropora cervicornis, 
A. prolifera, and Agaricia agaricites (Woodley et al., 1981). These corals 
were heavily damaged in Jamaican reefs, but are not present or have very 
low densities on Elkhorn Reef. 

Second, Elkhorn Reef is a shallow, relatively exposed patch reef, that 
may be adapted to a low but constant level of physical disturbance due to 
the seasonal pattern of strong winter winds. This pattern of natural coral 
breakage was detected following the winters of 1992 and 1993 (Fong and 
Lirman, unpublished data), and was previously documented by Jaap (1984). 
An intermediate and constant, or periodic but predictable pattern of distur- 
bance such as that provided by seasonal wind events, may serve to limit 
topographical relief development of branching corals by constant pruning 
(Tilmant and Schmahl, 1981; Porter and Meier, 1992), and make the com- 
munity less susceptible to major storm damage as there would not be as 
much surface area for waves to act upon. This could partly explain why the 
observed damage to Acropora palmata was less severe in the shallower reef- 
flat that is commonly exposed to intense wave action. 

Last, it is possible that the minimum damage directly attributable to 
Andrew was a function of the unique nature of the storm itself. Andrew was 
a very powerful, but very rapidly moving storm, with forward speeds of ~ 
40 kph as it crossed the Florida Reef Tract. We hypothesize that although 
the physical forces generated fractured many coral colonies, the storm 
moved on before there was extensive breakage, toppling and physical dam- 
age due to coral projectiles. 

In conclusion, sequential storms of varying magnitude and duration can 
cause very different patterns of coral damage within a reef community. On 
Elkhorn Reef, Hurricane Andrew damaged the reef-flat and the rubble zones, 
targeting Acropora palmata for the heaviest impact. These results were 
readily attributed to the magnitude of the storm and the vulnerability of A. 
palmata due to its branching morphology, and have been previously docu- 
mented. The only anomalous finding after Hurricane Andrew was that the 
damage was relatively limited; this we attribute to the rapid forward motion 
of the storm and the long-term disturbance history of the reef. In contrast, 
the Storm of the Century only damaged the reef-flat significantly, targeting 
the massive coral Porites astreoides. This is less easily explained as massive 
corals are usually not vulnerable to disturbances below the magnitude of a 
hurricane. We attribute the pattern of disturbance following the Storm of the 
Century in part to the prior occurrence of Hurricane Andrew (short-term 
history of disturbance), and the prolonged time this storm remained over the 
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reef, which increased the possibility of secondary damage due to the move- 
ment of coral rubble. 

On 14-16 November 1994, Tropical Storm Gordon swept through Flor- 
ida with sustained winds of up to 70 kph. Based on our findings on the 
effects of multiple disturbances on corals, it is expected that this new storm 
may have had significant effects on the recovering reef communities of the 
Florida Reef Tract. 
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Environmental Chemistry 
THE RECYCLING INDEX: PROGRESS IN FLORIDA 


BARBARA B. MARTIN AND DEAN E MARTIN 


Institute for Environmental Studies, Department of Chemistry, 
University of South Florida, Tampa, FL 33620 


ABSTRACT: A Recycling Index is defined as a measure of efforts to recycle solid waste. 
The 1988 Solid Waste Act mandated a goal of 30% recycling for Florida counties. The Recy- 
cling Index is a component of the SAFE (Strategic Assessment of Florida’s Environment) Pro- 
ject, the presentation of a series of indices that can assist in defining the quality of our envi- 
ronment. Five years of recycling are reviewed, and the implications of the Index are considered. 


THE SAFE Project was initiated by the Florida Department of Environ- 
mental Protection in 1989. Members of the Institute and C. David Cooper 
(University of Central Florida) collaborated with Department personnel to 
devise indices. These were designed to describe an environmental measure- 
ment system that covered five environmental areas: surface water quality, 
groundwater quality, water quality and use, air quality, and natural resource 
protection. A report was submitted (Flynn et al., 1989) and a general sum- 
mary was published (Martin and Martin, 1992). 

The 1988 Solid Waste Act mandated that counties in Florida would 
achieve a goal of 30% recycling of municipal solid waste in an effort to 
reduce the amount of solid waste going into landfills. The goal was supposed 
to be achieved by 1994. In 1993, however, the Florida Legislature modified 
this mandate, and exempted those counties with populations of fewer than 
50,000 from having to reach the goal. Though this decision exempted 31 
counties, it only involved three percent of the total municipal solid waste 
collected in Florida in 1994 (DEP, 1995). At one time, the Florida Depart- 
ment of Environmental Regulation (later Protection) had a goal of one-third 
each—recycling, combustion, and landfill. 

The Recycling Index was suggested as a means of following the progress 
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that counties of Florida were making toward achieving this general goal. 
The index was calculated from the recycling percentage (Eqn 1) 


Recycling Percentage = (R X 100)/((R + L + C) (1) 


where R is the total mass of solid waste recycled, L is the amount placed 
in landfills, and C is the mass of solid waste combusted. The Recycling 
Index (Eqn. 2) is defined based on the percentage recycled (Eqn 1): 


Recycling Index = Recycling percentage/target percentage (2) 


The denominator was selected on the basis of a stated goal for recycling, that 
is 30% is the current goal, although 50% may be the Florida Legislature’s 
next target. 


MeETHODS—Data were acquired from a standard source (FSA, 1994). The information is 
published annually (cf. DEP, 1994; 1995). Other sources (Galvez, 1987 and Shoemyen, 1989) 
were also helpful. 

The adjusted recycling rate is calculated as follows (DEP, 1995): Calculate the total weight 
of all special (yard trash, white goods, C&D debris, tires and process fuel) recycled waste. 
Divide the value by the total weight of all Municipal Solid Waste (MSW). If the value is less 
than 15% of the total weight of all MSW, no further action is needed. If the result is greater 
than or equal to 15%, then take the unadjusted recycling rate, subtract the percentage of special 
waste (yard trash, white goods, C & D debris, etc) extracted, and add 15% to obtain the adjusted 
recycling rate. 


RESULTS AND DiscussIlON—The recycling percentage is indicated for sev- 
eral years for major counties (Tables 1—2). There are several categories of 
“major” counties. The rankings considered were based upon solid waste 
generated, population, per capita personal income (rank), and mass (in tons) 
of solid waste per capita/year. 

In general it may be said that there were few obvious correlations. One 
might expect that recycling percentage and the Recycling Index would be 
related to per capita income. That the more affluent counties would have 
the tax base to engage in recycling at an earlier time. The data (Table 3) 
indicate that Palm Beach County was a notable exception. This county 
ranked first for per capita income in 1988 (Shoemyen, 1989), but Sarasota 
at the outset did more recycling. Palm Beach met the 30% goal in the second 
year for which data are available. The absence of correlation may well in- 
dicate that ultimately all counties will reach the mandated goal. In addition, 
they are assisted by the State of Florida’s Solid Waste Trust Fund. Moreover, 
there is not necessarily a direct correlation between per capita income and 
amount of taxes collected. On the other hand, it was possible to note an 
association between per capita income and the tendency to reach the goal 
by comparing the top ten counties with the lowest ten. The top group per- 
formed better in attaining a Recycling Index of 1.0. The recycling percentage 
for the top ten (1991-1992) was 28.9% with a Recycling Index of 0.875. 
The corresponding values for the bottom ten were 10.2 and 0.309. There 
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TABLE 1. Relation between recycle percentages (1989-1992) and per capita income rank 
(1988).* 


Recycled, % 

Rank County 1989-90 1990-91 1991-92 1992-93 1993-94 
1 Palm Beach 12 33 27.9 39.8 45 
2 Martin IWS lel 21.8 28.9 3) 
3 St. Lucie 14.7 6.6 31.8 45.9 46 
4 Collier 6.1 41.1 38.2 34.8 43 
5 Broward Liles} 13.9 30 29.4 42 
6 Pinellas DID. DY 30 S103 39 
7 Indian River 4.7 DBE 13.5 1325 20 
8 Sarasota OB) 23.4 Bei, 49.6 52 
9 Manatee 10.5 24.3 27.9 36.0 40 

10 Lee 15.0 17.6 B25 24.4 36 

58 Madison BES DES NED 11.4 12 

59 Hamilton 9.2 Val 14.8 6.4 14 

60 Gadsden 14.9 12.8 19.6 28.1 28 

61 Walton 14.6 17.0 17.9 8.6 10 

62 Holmes 4.8 4.9 4.8 55) 5) 

63 Bradford 6.5 6.8 yp 14.4 11 

64 Dixie 1S 15 eS 33} 5 

65 Calhoun D3) 8.3 21.0 25.8 27 

66 Union 3.0 3.0 2.8 19.8 23 

67 Glades We? 11.9 11.4 10.9 Dif, 


* Data derived from FSA (1991, 1993, 1994) and DEP (1994). 


are interesting exceptions: Calhoun County (rank 65/67) had a recycle per- 
centage of 20.9 (1991-92), which is close to the Martin County (rank 2/67) 
percentage of 21.8. 

Correlation coefficients were calculated for the data in Table | to see if 
there was a relationship between per capita income rank and recycling per- 
centage. The linear correlation coefficients, r, were —0.47 for 1989-1990 
and —0.81 for 1991-1992 recycling percentages. The results are interpreted 
as suggesting that initial recycling percentages had comparatively little to 
do with relative wealth, but as time passed, the differences have emerged, 
and there was a relationship between relative wealth and recycling percent- 
age. On the other hand, in time, as all counties attain the target goal, there 
would again be little correlation between wealth rank and recycling per- 
centage, as the larger, more affluent counties reached the required target. 

We looked for a correlation between Recycling Index and amount of 
solid waste. The hypothesis was that the greater the amount of waste, per- 
haps the greater the incentive to recycle and meet the 1988 mandate. The 
pertinent data (Table 2) show a different order, as well as some overlap with 
the major income counties, but the data appear to show that the counties 
with major total solid waste amounts were coming close to attaining a Re- 
cycling Index of 1.0. 
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TABLE 2. Comparison of total solid waste and % recycled, 1989-1992. 


Total solid % Recycled 


waste, T pL a le 
County 1991-1992* 1989-90 1990-91 1991-92 1992-93 1993-94 
Dade 3,436,972 OT 17.0 23 DS) 31 
Broward 1,961,179 11.3 13.9 30 29.4 42 
Orange 1,486,560 11.3 16.4 18.3 23.6 28 
Pinellas 1,482,060 DDD: Ds 30 31.3 39 
Palm Beach 1,354,026 12 33.3 27.9 39.8 45 
Duval 1,236,005 20.6 31.3 a7 44.4 44 
Hillsborough 1,187,611 24.4 29.8 32 33.8 38 
Volusia 745,370 18.1 22.4 28.5 29.4 32 
Lee 521,263 15.0 17.6 B25 29.4 36 
Manatee 444,746 10.5 24.3 27.9 36.0 40 
Dixie 7,991 1.3 1.4 1.3 3.3 5 
Washington 7,973 28) 8.7 9.1 Wall 7 
Holmes 7,906 4.9 4.8 4.9 5.3 5 
Hamilton 7,129 9.2 14.8 7.6 6.4 14 
Glades 6,745 17:2 11.8 11.5 10.9 Dy] 
Franklin 6,370 3.5 1.0 9.6 3.9 9 
Calhoun 5,763 2.3 8.3 20.9 25.8 27 
Lafyette 3,375 0.8 1.1 2 19.6 24 
Gilchrist 2,915 3.0 6.4 UDP 8.5 6 
Liberty 1,877 3.2 16.4 6.0 16.5 9 


* FSA, 1994; DEP, 1994. 


There are thought to be several problems in achieving a Recycling Index 
of 1.0. These include cost, source restrictions, and interference with incin- 
eration. These can be considered in turn. 

Recycling is not presently cost effective. It costs more to collect material 
for recycling than the value of the product. That can change with time, as 
county governments have more time to negotiate better deals. These arrange- 
ments take time to achieve, but they can be done as the following example 
illustrates (Jaffe, 1995a). In March, 1995, Hillsborough County received $40 
a ton for newspapers from Recycle America, and in April the price was 
raised by the company to $55 a ton; whereas, a year ago, the same company 
paid $2.50 a ton. The company operations manager explained that the price 
increased because the demand for recycled newspaper went up (Jaffe, 
1995a). 

Another serious problem is source restrictions. For example, in Hills- 
borough County collections are limited to single-family dwellings, and no 
arrangement is made for multi-family dwellings that tend to use dumpsters 
(Jaffe, 1995b). Under the present contract between the county and the haul- 
ers, multi-family dwellings are not considered residential, but commercial. 
This should change when the franchise agreements expire in November, 
1996. Persons who live in multi-family dwellings may wish to be involved 
in recycling, but the arrangements may not be routinely made because of 
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TABLE 3. Populations and adjusted recycling rates, July 1, 1993—June 30, 1994.3 


Population Recycling Recycling 

County Population? rank rank Percent Index 
Dade 1,951,116 1 6 Sil 1.03 
Broward eSile-S12 2 6 31 1.03 
Palm Beach 918,223 3 9 28 0.93 
Hillsborough 866,134 4 2) 36 1.20 
Pinellas 864,953 5) 3 35 iL I7/ 
Orange 727,780 6 9 28 0.93 
Duval 701,608 7 1 40 1.33 
Polk 429,943 8 3 35 Nees; 
Brevard 427,035 9 6 Bi 1.03 
Volusia 390,066 10 9 28 0.93 
Lee 357,550 1] 6 31 1.03 
Seminole 310,890 12 8 29 0.97 
Pasco 293,966 13 7 30 1.00 
Sarasota 290,612 14 7 30 1.00 
Escambia 272,083 15 8 29 0.97 
Manatee 223,508 16 20 17 0.57 
Marion 212,025 17 1] 26 0.87 
Leon 206,302 18 8 29 0.97 
Alachua 190,655 19 4 33 1.10 
Collier 174,664 20 9 28 0.93 
Lake 167,167 21 7 30 1.00 
Saint Lucie 163,192 22 10 Di 0.90 
Okaloosa 1545512 23 9 28 0.93 
Bay 134,059 24 DA 20 0.67 
Oceola 125,675 25 12 25 0.83 
Charlotte 121,695 26 11 26 0.87 
Clay 114,918 Dal, 6 31 1.03 
Hernando 111,695 28 7 30 1.00 
Martin 106,780 29 14 23 0.77 
Citrus 100,829 30 9 28 0.93 
Indian River 95,641 31 7/ 20 0.67 
St. Johns 91,197 32 17 20 0.67 
Santa Rosa 90,259 33 29 8 0.27 
Monroe 81,766 34 L7/ 20 0.67 
Highlands 73,203 35 5 32 1.07 
Putnam 67,625 36 7 30 1.00 


4 Source: DEP (1995), except for Recycling Index value. 
> Official 1993 Governor’s Office estimates from DEP (1995). 


the pick-up contractors’ arrangements with the county. Some contractors will 
make stops at multi-family dwellings, but at a separate charge. And while 
the cost ($30/month), spread among the occupants (in 61 units) seems nom- 
inal to us, some occupants object “‘on principle.” ‘Why should we pay for 
something others are getting free?” (Jaffe, 1995b). Hillsborough County had 
three drop-off centers for recycling; the City of Tampa had 24 (Jaffe, 1995b). 

The magnitude of the problem is indicated by available data (DEP, 
1995). Municipal Solid Waste (MSW) is generated three ways in Florida: 
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residential single-family sources, residential multi-family, and commercial 
sources. Commercial generators account for about half of the total MSWs; 
residential single-family sources account for about 36% of the total. Out of 
6,427,092 total generating units (1993-1994), about 30 % were residential 
multi-family (responsible for about 14% of the total tons of MSW). This is 
the portion that is not necessarily accessible to service. In 1994, curbside 
recycling was available to 73% of single-family homes, but only 43% of 
multi-family homes (DEP, 1995). Participation rates were 68% and 73% for 
single-family and multi-family dwellings, respectively (DEP, 1995). In time, 
restrictions will be solved, but for now, it can be a barrier to further progress 
in increasing the Recycling Index. 

Interference of recycling with incineration might be considered a prob- 
lem. Data provided by Murphy and co-workers (1991), however, should 
allay concerns. These workers investigated the effect of recycling programs 
on waste to energy (WTE) facilities. Newspapers would have positive fuel 
value, and metals would represent sinks. They concluded, ‘‘Fuel values of 
municipal solid wastes are not adversely affected by a comprehensive re- 
cycling program (i.e., all recyclable components included: paper, plastic, 
metals and glass).’’ This conclusion was valid for all levels of recycling up 
to and including 30%. They added that selective recycling programs—lim- 
iting recycling to only paper or plastics or some combination—would inhibit 
the fuel value. 

The Recycling Index may not show expected correlations with expected 
characteristics—per capita rank or total mass of MSW or tons of MSW per 
capita—because of two external factors. First, recycling for the majority of 
the MSW-producing counties is mandatory, and the goal to be achieved has 
been legislated. Second, the program has been supported by the Solid Waste 
Trust Fund. During a six year period (Fiscal years 1988—89 through 1993— 
94), Florida provided over $180 million to local government; some $136.2 
million went to support recycling and education programs (DEP, 1995). 

The Recycling Index does not identify an important feature: ““Minimum 
5 Materials,” and the goal to recycle 50% of each (newspapers, glass bottles, 
aluminum cans, plastic bottles, and steel cans) (DEP, 1995). No county has 
attained that goal, but over a third have reached the goal for one of the five 
materials, and 27% had reached the goal for aluminum cans. 

The amount recycled is impressive in the instance of aluminum cans 
(DEP, 1995). Industry recycled 55,331 tons and counties recycled 122,306 
of the aluminum cans collected (July 1, 9992—June 30, 1994). This corre- 
sponded to 58% of the total collected by industry and 38% of the total 
collected by counties. 

The major question is: how many counties reached the mandated goal? 
The answer is summarized in Table 3, which records the recycling percent- 
age and Recycling Index for affected counties (with populations greater than 
50,000). The data use adjusted rather than unadjusted recycling rates (vide 
infra). On this basis, of 36 counties, 10 had an adjusted Recycling Index in 
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excess of 1.0; 16 (44%) had a Recycling Index of 1.0 or more; and 26 
(nearly three-fourths) had a Recycling Index in excess of 0.9. The numbers 
would be even better, were unadjusted values used. 

The Legislature mandated a distinction between unadjusted and adjusted 
recycling. The unadjusted rate is the weight of recycled MSW divided by 
the total weight of all MSW. But Florida Statute 403.706 (4)(a) requires that 
no more than one-half of the goal can be met by combination of special 
wastes (yard trash, white goods, C&D debris, tires, and process fuel) (DEP, 
1995). The difference can be significant. Sarasota County had an adjusted 
Recycling Index of 1.0, which is commendable, but an unadjusted Recycling 
Index of 1.73. For Polk County, the two values were 1.17 and 1.60, for the 
adjusted and unadjusted rates, respectively. The corresponding values for 
Broward County were 1.03 and 1.56. (The method of calculation was given 
in the Methods). The distinction affects the relative position of certain coun- 
ties, and it affects their success. Had unadjusted rates been used, nine ad- 
ditional counties would have had a Recycling Index of 1.0. 

The Recycling Index can be a useful measure of success in recycling 
because it provides an instant picture of how close the county is to the 
overall goal of 30% recycling. The progress seems commendable, and there 
is hope for more in the future, but three cautionary comments seem appro- 
priate. The first is that a reduction in the tax on containers was mandated 
in 1995, and that action may impact recycling, as reflected in the Recycling 
Index. But the Legislature can change the tax in future years in response to 
recycling status. 

The second comment is that there is an alternative view of recycling, 
one contrary to our own that suggests recycling has a down side. According 
to this view (Wiseman, 1992; Bailey, 1995; Hendrickson et al., 1995), re- 
cycling is presently costly (which is true; government units don’t seem to 
make a profit). Wiseman (1992) looked at seven recycling programs in Cal- 
ifornia and New Jersey. The recycling losses in New Jersey for three pro- 
grams were $6.89, $17.95, and $21.81 per ton. The costs for the programs 
in California cities were all greater. The act of recycling is said to be en- 
vironmentally damaging (for example, additional air pollution in Los An- 
geles comes from extra trips for trucks to pick up recycled materials ) (Bai- 
ley, 1995). Finally, some critics suggest recycling may be environmentally 
diverting, if it gives persons an “‘easy environmental fix’’ that means less 
attention is given to more serious and complex problems of air and water 
pollution (Bailey, 1995). Roger Craven, an environmental fund raiser, was 
quoted as saying “Recycling is like attending church on Easter” (Bailey, 
1995). While the argument is interesting, it loses sight of an obvious truth. 
Something is better than nothing; recycling is an obvious improvement, and 
one can hope for additional improvements. In a similar way, pastors hope 
that those who attend church on Easter may choose to come back on another 
day. 

The third comment is directed at the extent of the trash problem. The 
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original act was based in part on a concern for the increasing amount of 
land that was taken up by landfills. Wiseman (1992) calculated that 1000 
years of United States trash, piled 300 feet deep, would fit into an area 30 
miles square. A modern landfill, developed in the 1970s and 1980s, can 
allegedly reach an elevation of 300 feet. That happens to be close to the 
highest elevation in Florida (345 feet), and it is questionable whether many 
municipalities would favor a nearby “‘Mount Trashmore.’’ Wiseman’s cal- 
culation may also make assumptions of degradation rates, which tend to be 
low, and the value, per se, neglects the obvious questions of the location of 
the 900 square miles of ‘“Trashmore’’, and the cost and consequences of 
transportation of garbage from donor states to the receiver state. 

On balance, alternate points of view are interesting and welcome, but 
they should not divert attention from the essential point: recycling is working 
in Florida. By recycling aluminum, we preserve the resources of acceptable 
bauxite, we save energy and money. “Aluminum cans are 20% cheaper to 
recycle than to make and require 5 percent of the energy,’’ according to 
Grove (1994). He noted that one million tons of aluminum is recovered; 1.6 
million tons is discarded. By recycling steel, we save another resource, 
which is completely recyclable and can be reprocessed almost indefinitely. 
There is room for improvement: 1.9 million tons were recovered; 10.4 mil- 
lion tons were discarded in 1990, according to Grove (1994). 

The United States, more than most nations, is a consumer nation, and 
Florida has provided a good example of how we might be turned into a 
nation of wiser consumers. The Recycling Index can provide milestones to 
measure our progress. 
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ANURAN DAVIAN BEHAVIOR: A DARWINIAN 
DILEMMA 


WALTER E. MESHAKA, JR.! 


Archbold Biological Station, P.O. Box 2057 Lake Placid, FL 33862 USA 


ABSTRACT: Davian behavior was reported for two anurans, the Cuban treefrog (Osteopilus 
septentrionalis) and the southern toad (Bufo terrestris). The episodes were initiated by auto- 
mobiles having killed the females with which the males amplected. Because of high probability 
of mortality on the road and no chance of successful reproduction, this behavior reduces the 
fitness of participating males. Davian behavior represents a Darwinian dilemma because the 
drive to mate overrides the loss of fitness incurred by a type of misdirected copulation for 
which adaptations to guard against do not appear to exist. Consequently, recent human-me- 
diated circumstances that provide false mates at frequencies not realized in nature remain a 
novel counter-selective agent to indiscriminate mate choice in males. 


DAVIAN behavior, the misdirected copulation with dead conspecific or 
heterospecific individuals, was first described in mammals by Dickerman 
(1960). Davian behavior has since been reported in a bird (Lehner, 1988) 
and described, but not identified as such, in the giant toad, Bufo marinus 
(Lewis, 1989). Here, I report an inter- and intraspecific interaction of Davian 
behavior in anurans and interpret the persistence of this behavior in light of 
Darwinian fitness. 

On the evening of 21 May 1991, I was driving on Long Pine Key Road 
on Long Pine Key, Everglades National Park, Dade Co., Florida. The road 
bisects an area known as “Hole in the Donut’’, rockland pine habitat pre- 
viously used for agriculture and presently dominated by the exotic Brazilian 
pepper (Schinus terebinthifolia). The evening coincided with the first big 
rainstorm of the wet season (May—October). Conditions were windy and 
11.0 cm of rain fell locally. Thousands of Cuban treefrogs (Osteopilus sep- 
tentrionalis) were crossing a 200-m segment of Research Road and the spe- 
cies was in chorus along a narrow canal that parallels the north side of the 
road. During this pronounced breeding event, many individuals were in ax- 
illary amplexus with conspecifics. One male was in axillary amplexus with 
a female leopard frog (Rana sphenocephala) of ca. 80 mm snout-vent length 
(SVL), and two males were in axillary amplexus with female green treefrogs 
(Hyla cinerea) of ca. 40-50 mm SVL. A fourth male was in amplexus with 
a male H. cinerea, having grasped it over its shoulders. When the H. cinerea 
called, the amplecting O. septentrionalis immediately returned with a call. 
Southern toads (Bufo terrestris) were also on the road, were calling, and 


' Present address: Museum, Everglades National Park 40001 SR-9336, Homestead, Florida 33034-6733 
USA. 
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visually more numerous than either R. sphenocephala or H. cinerea, but far 
less numerous than O. septentrionalis. Many road-killed southern toads were 
present, one of which was a female (ca. 70 mm SVL) whose posterior quar- 
ter of the body had been hit by a car. A male O. septentrionalis (= 50 mm 
SVL) was in axillary amplexus with the toad. When prodded gently beneath 
his posterior aspect, the male refused to move and instead kicked and 
strengthened his grip around the dead toad. 

Another road-killed female B. terrestris was in axillary amplexus with 
a male conspecific. Flattened on one side by a car, she appeared to have 
been discovered by the male after her death. This male was reluctant to 
release the female but accepted my index and middle fingers as a substitute 
when prodded under its anterior aspect. 

The explosive nature of anuran breeding, especially in opportunistic 
breeders like O. septentrionalis, is associated with loud choruses and nu- 
merous conspecifics. It is not, therefore, surprising that mistakes occur like 
those reported here. Osteopilus septentrionalis, a recent introduction from 
the West Indies to peninsular Florida (Schwartz, 1952), has not evolved with 
any of the north temperate species, and no other hylids naturally co-occur 
with it in the West Indies. For these reasons, O. septentrionalis might be 
expected to frequently amplect with individuals of other species. 

For explosive-breeding anurans such as O. septentrionalis and B. ter- 
restris, and undoubtedly other species, Davian behavior presents a Darwin- 
ian dilemma exacerbated by human mediation. That is, the drive to mate 
overrides the loss of fitness incurred by Davian behavior whereby partici- 
pating males have no chance of successful reproduction and may themselves 
be killed on the road as they remain in amplexus. Moreover, the potentially 
high frequency of Davian behavior in these anurans is a direct and recent 
consequence of human activity, like vehicle encounters, the result of which 
provides males with many stationary and seemingly “receptive” females. 
Because adaptations to guard against this type of misdirected copulation do 
not exist, as compared to release calls in male-male amplexus of conspecif- 
ics, human-mediated Davian behavior is a novel agent of selection against 
indiscriminate mate choice by males in these anurans and at a level previ- 
ously unknown in nature. 
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PATTERNS OF SEED COLONIZATION AND SEEDLING 
ESTABLISHMENT OF BALL MOSS 
(TILLANDSIA RECURVATA) ON SAND LIVE OAK TREES 
(QUERCUS GEMINATA) IN CENTRAL FLORIDA 


CELIA A. HARVEY 


Section of Ecology and Systematics, Cornell University, Ithaca, NY 14853 


‘ 

ABSTRACT: The local distribution of ball moss seeds and individuals (Tillandsia recurvata) 
was characterized on sand live oaks (Quercus geminata). The majority of seeds occurred either 
on horizontal branches or on the abaxial side of oak leaves; the remainder were distributed 
on vertical branches, adult ball mosses, or cobwebs. Seed distribution was highly clumped, 
with a third of the seeds occurring in clusters of two or more seeds. Few seeds occurred on 
lichen-covered branches. Of the seeds occurring on horizontal branches, 70% were located on 
the lower surface, 18% on the side, and only 12% on the upper surface. The distribution of 
ball moss individuals on horizontal branches paralleled the patterns of seed colonization, with 
the majority of the plants occurring on the undersides of horizontal branches. The high simi- 
larity between seed distribution patterns and adult distribution patterns suggests that ball moss 
distribution patterns may be largely dictated by where the seeds land and attach. 


VASCULAR epiphytes are frequently distributed nonrandomly with respect 
to host species and positions within individual phorophytes (Bennett, 1986; 
Madison, 1979; Bartareau and Skull, 1994). Within a host tree, the distri- 
bution and abundance of epiphytes can vary dramatically with branch size, 
branch angle, branch orientation, bark stability or texture, position within 
the canopy, or height above the ground (Benzing, 1978; Bennett, 1984; 
Bennett, 1986; Garcia-Franco and Rico-Gray, 1988; Zimmerman and Olm- 
sted, 1992; Caldiz et al., 1993; Bartareau and Skull, 1994). Many authors 
attribute this patchiness to microclimatic differences within the host individ- 
ual, and correlate epiphytic abundances with gradients in temperature, light 
or water availability (Zimmerman and Olmsted, 1992), and substrate stability 
(Brown, 1990). Although microclimatic conditions clearly influence epi- 
phytic distributions, other factors such as seed dispersal and seed coloniza- 
tion may play an equally, if not more important role in determining local 
distribution patterns (Madison, 1979; Yeaton and Gladstone, 1982). To ex- 
amine the relative importance of seed dispersal in determining adult distri- 
bution patterns, it is necessary to compare where dispersed seeds attach to 
host plant branches relative to where adult plants are growing. A close cor- 
relation between seed and adult distributions would indicate that seed de- 
position patterns strongly influence the location of individual epiphytes, 
whereas the lack of a correlation between in seed and adult distributions 
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TABLE 1. Location of 207 ball moss seeds on 8 Quercus geminata trees. 


Location Number of seeds Percent of total seeds 
Horizontal branches 88 42.5 
Vertical branches 33 15.9 
Oak leaves 71 34.3 
Adult ball mosses 10 4.8 
Cobwebs 5 2.4 


would argue for the importance of post-dispersal and colonization factors, 
such as microsite conditions, in determining where epiphytes occur. 

This study examines the spatial distribution patterns of ball moss (7il- 
landsia recurvata) in sand live oak trees (Quercus geminata) in Archbold 
Biological Station, Florida, and compares the distribution of adult ball moss- 
es within tree canopies to the distribution of dispersed (and attached) ball 
moss seeds. Ball moss are ideal candidates for studying distribution patterns 
because they are numerous, easily counted, and produce large quantities of 
seeds that are easy to recognize and locate. Because fruiting is a single 
annual event (occurring in early March), it is possible, in contrast to the 
situation in many plants, to characterize seed distribution patterns by ex- 
amining trees for attached seeds immediately after the period of seed dis- 
persal. 

The specific objectives of this study were 1) to characterize where the 
ball moss seeds occurred within Quercus geminata trees; and 2) to determine 
whether the distribution of established ball mosses reflected or differed from 
the patterns of seed colonization. 


METHODs—Eight Q. geminata individuals, each with a DBH of approximately 55 cm, 
were sampled for T. recurvata seeds in Archbold Biological Station, Florida, in late March, 
1994 at the end of the seed dispersal period. Seeds were classified as occurring on branches, 
leaves, adult epiphytes, or cobwebs. If a seed occurred on a tree branch, the orientation of the 
branch (vertical or horizontal) and the presence or absence of lichens was noted. Seeds occurring 
on horizontal branches were further categorized as occurring on the upper, lateral sides, or 
underside of the branch. 

The distribution of 7. recurvata individuals was determined on three oaks (DBH of ap- 
proximately 30 cm) with similar canopy structures. For each tree, a total of 12 branches (of 3 
diameter sizes: 10, 20 and 30 mm) were surveyed for the number of ball mosses, the location 
of ball mosses on the branch (i.e. upper, lower, or side surface) and the occurrence of lichens 
on branch bark. Each plant was characterized as a ‘yearling’ if its longest leaf was less than 1 
cm long, ‘small’ if its longest leaf was 1-2 cm long, or ‘large’ if its largest leaf exceeded 2 
cm. The distinction between yearlings and other size classes was based on the average length 
of known yearlings; however, the division between small and large epiphytes was chosen ar- 
bitrarily. 


RESULTS—A total of 207 ball moss seeds was found within the sampled 
oak trees. The majority of these seeds were located either on horizontal 
branches or on the undersides of oak leaves (Table 1). A smaller number of 
seeds occurred on vertical branches, and the remaining seeds were found 
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TABLE 2. Distribution of ball moss seeds and individuals on horizontal branches of Quer- 
cus geminata. 


Percent Percent Percent 
located on located on located on Total number 
Stage upper surface lower surface branch sides of observations 
Seeds WES) 69.3 18.2 88 
Yearling ball mosses 6.8 70.9 223, 189 
Small ball bosses OFS 56.1 34.6 107 
Large ball mosses 9.3 56.3 34.4 428 


either entangled in adult ball mosses or trapped within cobwebs. There was 
some variation between trees in the exact proportion of seed locations; how- 
ever, in 6 of the 8 trees the individual distribution patterns were closely 
similar to the overall patterns: the majority of seeds occurred on horizontal 
branches, a smaller number occurred on oak leaves, and even fewer occurred 
on vertical branches. The 2 trees showing a different distribution patterns 
each had very low seed abundances (<15 seeds/tree). 

Although most of the upper branch surfaces were covered with lichens, 
only 12 of the 207 seeds were found occurring on lichen surfaces. A third 
of the seeds occurred in clusters of 2 to 8 seeds. 

Of the seeds located on horizontal branches, 70% occurred on the lower 
side of the branch, 18% on the sides, and only 12% on the upper surface 
(Table 2). 

The distribution of established epiphytes on horizontal branches was 
similar to the patterns of seed colonization, with the majority of the ball 
moss plants occurring on the lower side of the host branches (Table 2). Of 
the 724 ball mosses surveyed, 60% occurred on the lower side of the branch- 
es, 31.2% on the sides, and only 8.7% on the upper surfaces. This pattern 
is evident in each of the three size classes (yearling, small, and large); how- 
ever, the distribution shifts slightly with increasing size (i.e., age; Table 2). 


DiscussioN—Although numerous studies have characterized epiphyte 
distributions within tree canopies (Yeaton and Gladstone, 1982; Bennett, 
1986; ter Steege and Cornelissen, 1989; Zimmerman and Olmsted, 1992; 
Caldiz et. al., 1993), few studies have examined the role of seed dispersal, 
seed deposition, and colonization in establishing epiphyte distributions (but 
see Garcia-Franco and Rico-Gray, 1988). This preliminary study suggests 
that ball moss seeds attach nonrandomly within tree canopies, and that the 
patterns of seed deposition play an important role in determining where 
seedling and adult ball moss individuals occur. 

Ball moss seeds occurred predominantly on the horizontal branches and 
leaves of Q. geminata, and to a much lesser extent on vertical branches. The 
uneven distribution of seeds between horizontal and vertical branches may 
simply reflect the aerodynamics of seed dispersal (i.e., seeds occur more 
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commonly on horizontal branches because the air currents within the canopy 
deposit seeds at these locations). Alternatively, the horizontal branches may 
offer superior settling sites for seeds than the vertical branches because seeds 
are less likely to be dislodged by gravity, wind, or rain (ter Steege and 
Cornelissen, 1989). Prolonged anchorage is critical to the survival of T. 
recurvata because it does not establish roots for several months after seed 
germination (Caldiz et al., 1993). 

The observed pattern of increased epiphyte seed abundance on horizon- 
tal versus vertical supports has been not been previously documented; how- 
ever, other authors have suggested that decreasing branch inclination en- 
hances the successful settling of seeds (e.g., ter Steege and Cornelissen, 
1989). In addition, several studies have noted a greater abundance of epi- 
phyte individuals on horizontal versus vertical supports (e.g., Brown, 1990; 
Caldiz et al., 1993). Caldiz and co-workers (1993) reported that horizontally 
growing branches appear to favor ball moss anchorage; thus, it seems that 
this distribution pattern is evident in both the seed and the adult populations 
of T. recurvata. 

The high occurrence of ball moss seeds on oak leaves was somewhat 
surprising. All of the seeds found on oak leaves occurred on the abaxial 
side, presumably because the protruding leaf veins and curling leaf edges 
offer better attachment sites than the smooth upper surface. Although ball 
moss seeds are capable of germinating on oak leaves (personal observation), 
the epiphytes will survive only for short periods until the tree drops its leaves 
(usually less than one year). 

The high frequency of seed clusters probably reflects that fact that seeds 
sometimes disperse in groups. As seeds are released from the seed capsule 
their coma hairs may entangle, causing the seeds to disperse together (per- 
sonal observation). 

Very few seeds occurred on lichen-covered surfaces, even though the 
majority of branches had some lichen cover on their upper surfaces. Lichens 
may be unsuitable substrates for seed attachment because they are smoother 
than the tree bark and offer few edges or crevices for seed securement. 
Although lichens do not appear to facilitate seed establishment, they are not 
necessarily inhospitable to the seeds that succeed in colonizing the branch. 
As Benzing (1978) notes, the presence of lichens on older branches enhances 
water retention, so that seeds occurring on lichens remain moist for a longer 
period of time than those occurring on bare bark. On the other hand, seeds 
established on lichens could also potentially be inhibited by allelopathic 
effects or other forms of competition. 

There was a striking distribution pattern of seeds on horizontal branches: 
over two-thirds of the seeds occurred on the underside of branches. The 
predominance of seeds on the lower branch surfaces could be due to 1) the 
dynamics of seed dispersal (i.e., air currents deposit seeds more frequently 
on the undersides of the branches than on the upper surfaces), 2) the pres- 
ence of lichens on the upper branch surface, or 3) the removal of seeds or 
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the sliding of seeds from the upper surface to the lower surface by gravity, 
wind, or rain. To my knowledge, this is the first study to quantify seed 
preference for a particular on-branch position. 

The distribution of adult ball moss plants on the horizontal branches was 
similar to the observed patterns of seed distribution. Like the seeds, the 
majority of the plants occurred on the underside of the branches and very 
few individuals occurred on the upper side. The strong correlation between 
the distribution of seeds and the distribution of established ball mosses im- 
plies that the location of adult plants is largely determined by the patterns 
of seed attachment, i.e., ball moss individuals tend to be found on the lower 
surfaces of horizontal branches simply because that is where the seeds attach 
and germinate. Because the proportion of yearlings occurring respectively 
on lower, upper, and side surfaces is nearly identical to the proportion of 
seeds found in these locations, these results also suggest that germination 
and establishment success is not affected by branch position (i.e., seed mor- 
tality is equivalent in the lower, upper, and side positions). 

The distribution pattern of ball mosses upon horizontal branches (i.e., 
upper, lower, or side) changed slightly from one size class to the next. The 
proportion of individuals occurring on lower branch surfaces was slightly 
lower in the large and small size classes than in the yearling class, and the 
proportion of individuals occurring on the upper and side surfaces was 
slighter higher in the large and small size classes than in the yearling class. 
Differences in the distribution patterns of the various size classes could be 
due to sampling error, differential mortality of ball mosses in different 
branch locations, slightly different seed colonization patterns in previous 
years, or even the gradual upward movement of individuals through growth. 
It is interesting to note that the distribution of the small ball moss plants is 
identical to the distribution of the large plants. This apparent stabilization 
suggests that ball moss mortality is constant, regardless of branch position, 
and that lower, upper, and side branch positions are, therefore, equally suit- 
able for young ball moss survival. 

This study provides clear evidence that seed deposition patterns deter- 
mine the patchy spatial distribution of 7. recurvata.. Ball moss individuals 
occur primarily on the undersides of horizontal branches because this is 
Where the seeds attach. Once the distribution pattern is established, it is 
presumably perpetuated through the asexual reproduction of established in- 
dividuals (Bennett, 1986). Future studies should examine whether other vas- 
cular epiphytes show a similar correlation between seed and adult distribu- 
tion, and also investigate the mechanisms determining seed deposition pat- 
terns. 
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ABSTRACT: Clearnose skates, Raja eglanteria, were trawled in 1993 and 1994 from the 
western Atlantic Ocean off Shackleford Banks, Carteret County, North Carolina. Aspects stud- 
ied were: age and growth, food, environmental features, body surface areas and several body- 
organ weight and morphometric relationships. New data expand prior information on this 
common yet neglected skate. ANOVA analyses, by sex and year, did not substantiate specimens 
from two populations being sampled. Females were heavier than males and possessed slightly 
shorter tails than did males, even with increasing total lengths. Female disk widths were slightly 
smaller than in males. Male surface areas were larger than those of females. Clearnose skates 
were apparently more active than previously believed. A variety of foods were eaten. 


PRIOR to 1963 and even today meager literature refers to the wide rang- 
ing, Massachusetts to Florida and west in the Gulf of Mexico, clearnose 
skate, Raja eglanteria, (Bigelow and Schroeder, 1953; McEachran and Mu- 
sick, 1975, Luer and Gilbert, 1985). Previous studies pertain to seasonal or 
range occurrences, distribution and environmental factors or limited aspects 
dealing with morphology and biology (Breder, 1924; Fahey, 1966; Fitz, 
1956; Fitz and Daiber, 1963; Fowler, 1916; Hildebrand and Schroeder, 1928; 
Price, 1967; Schwartz, 1981, 1995 in press; Schwartz et al. 1981; Shaefer, 
1967; Wilk and Silverman, 1976). This study examines clearnose skates 
trawled in the western Atlantic Ocean off Shackleford Banks, Carteret Coun- 
ty, North Carolina in 1993 and 1994. It resolves whether they represented 
members of a southern subspecies of the skate, and enlarges upon age and 
growth, food, environmental features, body surface areas, and several body- 
organ weight and morphometric relationships. 


MeETHODsS—Clearnose skates were captured up to 11.5 km offshore of Shackleford Banks 
during 0.5 hr daylight tows of a 12.5 m head-rope semi balloon otter trawl, at depths of 10.7 
to 19.8 m between 15 April and 31 October 1993 and 1994. Near surface water temperatures 
and depths were recorded continuously by the 16.5 m R/V Capricorn via temperature and depth 
recorders mounted 1.5 m below the water surface. 

Specimens were frozen for subsequent examinations, measurement, and study. Each in- 
dividual was sexed and various body features measured in millimeters. Body measurements 
were: total length (TL), disk length (DL), disk width (DW), pelvic fin length, and tail length 
(from junction with pelvic fin to tail tip). Total body weight (BW) was recorded in grams (g), 
using a triple beam balance while organ weights were recorded, to the nearest 0.001 g, by an 
electronic Mettler balance for: heart, liver, intestine, gonads, kidneys, spleen, and eyes. Each 
year male and female gonads were examined to note extent of seasonal development. Fish and 
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body organs were patted dry of excess moisture prior to weighing. Percent body-organ weight 
relationships were calculated for each sex. ANOVA, single classification, analyses tested TL, 
DW, and tail length data for differences between sexes and sample years. Vertebra, 5—10th, 
were excised and air dried or after soaking in glycerine, anise oil, and isopropyl alcohol for 
several days, examined for age analyses. Instead age determinations were estimated from DW 
frequencies following Fitz (1956) and Fitz and Daiber (1963, Table 2). 

A DW-TL factor X was calculated for each specimen following the formula of Daiber 
(1960) where TL = X-DW + 5CM. Surface areas and body and disk factor were determined 
following the methods of Musick and co-workers (1990) and Schwartz and co-workers (1993) 
where surface area SA = X-(G-TL), SA = total body plus pelvic fins (and clasper in case of 
males), and tail surface areas, G = girth (an addition of upper and lower DW measurements), 
and TL = total body length. Surface areas were determined from templates made of 100% rag 
Albenene tracing paper outlines of the dorsal and ventral sides of the body disk, pelvic fins, 
tail and/or clasper surfaces of each specimen. Templates were washed of excess blood or mu- 
cous and air dried prior to weighing. An average weight of 0.006 g/cm? was determined by 
weighing | X 1 or 10 X 10 cm pieces of the tracing paper. Total body disk, fin, tail and/or 
clasper template weights X 0.006 g/cm* determined the surface area desired. 

Linear regressions determined male and female: length-weight, TL-total body surface area, 
disk surface-total body surface areas, BW-heart weight, BW-liver weight, BW-intestine weight, 
BW-gonads weight, BW-kidneys weight, BW-spleen weight, BW-eyes weight, TL-gonad 
weight, TL-male clasper length, TL-DL, and TL-DW relationships (Table 1). 

Stomach and intestine food contents were determined for only clearnose skates caught in 
1994. Foods were determined to the lowest possible taxon. 


RESULTS—Nine males and 16 females (8 males and 15 females were 
immature) were captured in 1993 while 44 males and 45 females (39 males 
and 35 females were immature) were captured in 1994 (Table 1). Size ranges 
were: TL mm, 1993 males 290-579, females 386—570; 1994 males 255-— 
614, females 361—687. Weights (g) ranged: 1993 males 118—1095, females 
223-1267; 1994 males 78-1547, females 193-2070 (Table 1). Captures oc- 
curred in waters 20—30°C in 1993 and 19—29°C in 1994. No clearnose skates 
were caught when near waters were cooler than 18.9°C or warmer than 30°C 
in summer. Spring caught males were largest in May, 1994, 614 mm TL. 
Fall caught males were largest in October 1993, 570 mm TL. Spring caught 
females were largest, 657 in May 1994 versus 570 mm TL in October 1993. 
Generally, most large specimens prevailed in fall rather than spring samples 
(Table 1). DL’s were similar each year but DW’s were larger in 1994 than 
1993 caught specimens (Table 1). 


Morphometric observations—Linear regressions defined male and fe- 
male TL-weight relationships in 1994 as: male log weight = —4.9320 + 
2.8808 log TL, r = 0.9118, female log weight = —5.7680 + 3.1869 log 
TL, r = 0.9565 (Table 2), substantiating females attained heavier weights 
and total lengths than did males (Fig. 1). 

TL-tail length relationships were linear for both sexes caught in 1994 
(Table 2), male r = 0.9187, females r = 0.9295 even though females pos- 
sessed slightly shorter tails at all sizes. Tail lengths of both sexes were 
proportionally smaller with increasing TL, decreasing from 50% of the TL 
in small specimens to about 45% in mature clearnose skates. 
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Linear TL-DL regressions for 1993 and 1994 caught specimens (Table 
2) revealed females in 1993 possessed larger body disks than did males 
longer than 450 mm TL. Small sample sizes in 1993, 9 males, 16 females, 
may account for this difference since no TL-DL surface area dissimilarities 
existed for males (44) and females (45) caught in 1994 (Fig. 2). 

TL-DW relationships were similar for both years except 1993 female 
disk widths were slightly smaller than DW’s in males 300-550 mm TL. 

TL-clasper analyses (Table 2, Fig. 3) of specimens caught in 1994 re- 
vealed a typical abrupt upward flexure in the relationship in mature males 
longer than 550 mm TL. North Carolina males matured earlier than those 
noted off Block Island, Massachusetts, 750-770 mm TL, by Bigelow and 
Schroeder (1953). 


Surface areas and factors—Solving for Daiber’s (1960) TL-DW X fac- 
tor relationship found: X factors for males captured in 1993 were x = 1.50 
(range 1.47—1.56), females kX = 1.53 (range 1.45—1.61); 1994 males x = 
1.50 (range 1.29—1.63), females X = 1.52 (range 1.41—1.63), factors all larg- 
er than the 1.45 determined for clearnose skates of Delaware Bay. 

Surface area X factors, an addition of dorsal and ventral disk widths, 
were determined by the formula SA = X (G-DL), G = girth. Surface areas 
were similar for 1993 males xX = 0.0060 (range 0.0036—0.0083), females x 
= 0.0062 (range 0.0044—0.0065), while 1994 factors were much higher: 
males xX = 0.0076 (range 0.0058—0.0087), females x = 0.0070 (range 
0.0050—0.0084). Both sexes in 1994 had larger total body surface areas than 
in 1993, with male surface areas being larger, at all sizes, greater than 260 
mm TL, whereas 1993 male surface areas were larger in specimens less than 
Ss 0nmim Wl (Fig. 3): 

Comparing disk surface areas to total surface areas, 1993 male disk areas 
were about X = 84% (range 76.7—87.9) of the total body surface area, fe- 
males xX = 85.3% (range 82.6—87.7); 1994 male disk surface areas were x 
= 81.6% of total body surface area (range 74.1—86.5), females kK = 82.9% 
(range 75.7—88.1), again larger disk surfaces were possessed by 1994 than 
1993 caught males. 

TL-total body surface areas were constantly larger in 1994 males larger 
than 320 mm TL than females. But 1993 males smaller than 530 mm TL, 
had larger body surface areas than did females (Table 2). 


Body organ-weight relationships—Body-organ heart, liver, and intestine 
weights for 1994, as a percent of body weight, were usually larger in fe- 
males; gonads, kidney, spleen, and eye relationships were similar between 
sexes (Tables 2, 3). 

BW-heart weight (BW) relationships were larger in 1994 for both sexes. 
Male hearts were always larger than female hearts in specimens longer than 
200 mm TL, whereas the reverse was true in 1993, as female hearts were 
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Fic. 1. Length-weight relationships for male and female clearnose skates captured in 


1994, 


always larger than male hearts at all sizes (Tables 2,3), perhaps the latter an 
influence of the small 1993 sample sizes. 

BW-liver relationships revealed livers were heaviest in males weighing 
more than 800 g in 1993 and 600 g in 1994. The largest liver weighed 90.75 
g ina 1877 g female caught in 1994. The heaviest male liver weighed 60.49 
g ina 1547 g, 1994 specimen. 

BW-intestine relationships found female 1993 intestine weights were, 
overall, heavier than male intestine weights (Table 2), whereas 1994 female 
intestines were heavier than male weights if the body weight was in excess 
of 400 g (Table 2). 

BW-gonad weights were variable. Male 1993 gonad weights were heavi- 
er at all sizes than female gonads, whereas 1994 gonads always weighed 
more if the body weight was in excess of 400 g (Table 2). 

Both sexes of 1994 fall caught specimens exhibited enlarged gonads. 
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Fic. 2. Total and surface area relationships for clearnose skates captured in 1993 and 
1994. 


Females reflected this condition in their TL-weight regressions, enlarged 
shell glands, and externally an enlargement of their cloacas. The largest 
bulbous cloacas were evident in more mature, fall caught females. 

BW-kidney weights. Male kidney weights were always heavier in 1993 
than in females. Female kidneys weighed more in 1994 than did male kid- 
neys, if females weighed more than 700 g (Table 2). 

BW-Spleen-BW. Female spleen weights in 1993 exceeded male weights 
at all body weights whereas in 1994 male kidneys were heavier in specimens 
up to 700 g (Table 1). 

Eye-BW. Eye weights were variable. Female eyes in 1993 were heavier 
than male eyes in specimens heavier than 150 g, whereas female eyes of 
1994 specimens were heavier in specimens weighing less than 900 g (Table 2). 


Age and growth—Attempts at aging vertebra proved hopeless. Instead 
Fitz (1956) and Fitz and Daiber’s (1963) DW age designations were used 
to designate fish with DW’s up to 210 mm as age | fish, 280 mm age 2, 
340 mm age 3, 400 mm age 4, 420 mm age 5, and 460 mm age 6 (Table 
4). Analyses of North Carolina specimens caught in 1993 consisted of four 
males and seven females age 1, one male, four females age 2, two males, 
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Fic. 3. Clasper length-total length relationships for clearnose skates captured in 1994. 


TABLE 3. Male and female body-organ weight relationships for six body organs, as percent 
mean and ranges noted in specimens caught in 1994. 


Male Female 
Body organ X % Range X % Range 
Heart 0.07 0.01—0.27 0.08 0.03—0.14 
Liver 2.78 1.66—4.60 3.19 0.93—5.24 
Intestines 1.97 1.31-4.99 2.29 0.73-3.77 
Gonad 0.73 0.03—3.42 0.57 0.02—6.17 
Kidneys 0.19 0.08—0.75 0.19 0.008—0.34 
Spleen 0.16 0.07—0.47 0.19 0.01—0.46 


Eyes 0.12 0.05—0.32 0.12 0.03—0.19 
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TABLE 4. Number of males (M) and females (F) captured in 1993 and 1994. Disk width 
(DW) age designations follow Fitz and Daiber, 1963. (See text for explanation of ages.) 
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three females age 3, two males, two females age 4 while for 1994, 16 males 
and 17 females were age 1, three males and three females age 2, 11 males 
and 12 females age 3, 14 males and 11 females age 4, one female age 5, 
and one female age 6 (Table 4). No regression compared immature vs. ma- 
ture specimens, by year, as none were mature in 1993 vs. two in 1994. Small 
sample size in 1993 (9M,16F) prevented comparison to clearnose skates 
caught (44M,45F) in 1994 (Table 4). 


Food—Nine food items were noted only in the 1994 specimens. Rec- 
ognizable food was found in the stomach, it appeared as chyme in the in- 
testines. Blackcheek tonguefish, Symphurus plagiusa, were the most fre- 
quently eaten food, occurring in six males (403-590 mm TL) and 10 females 
(594-639 mm TL). Lengths of the tonguefish ranged 60-120 mm TL in 
males and 100-150 mm TL in females. Two male and two female clearnose 
skate stomachs contained two each, striped anchovies, Anchoa hepsetus (M, 
28-80 mm SL, E 80-100 mm SL). One 100 mm SL croaker, Micropogonias 
undulatus, was found in a 470 mm TL male and fish remains occurred in 
two female clearnose skates, 366 and 613 mm TL respectively. One spot, 
Leiotomus xanthurus (less than 150 mm SL), was found in each of two 
female clearnose skates 549 and 556 mm SL, respectively. One mantid 
shrimp, Squilla empusa, was found in a 540 mm SL male and one white 
shrimp, Penaeus azetecus, was eaten by a 540 mm SL male. A brief squid, 
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Loliguncula brevis, was eaten by a 445 mm SL clearnose skate. Crab re- 
mains were found in one male and two females 296—591 mm SL. 


DiscUSSION—Bigelow and Schroeder (1953) suggested, based on lengths 
and disk sizes, that two subspecies might frequent Western Atlantic waters. 
Specimens of the subspecies north of Cape Hatteras, North Carolina would 
be larger while those south of the cape smaller. ANOVA analyses between 
sexes and years of DL, tail, and DW measurement differences indicated no 
significant differences. Thus, one population of skates comprised the 1993 
and 1994 North Carolina samples. Morphologically North Carolina speci- 
mens were similar to Bigelow and Schroeder’s (1953) subspecies south of 
Cape Hatteras, R. eglanteria eglanteria rather than the northern R. eglanteria 
americanus. Bigelow and Schroeder specimens DLs ranged 51.3—53.7, x 
52.5, and DW’s 65.7—66.8, x 66.25. Fitz (1956) likewise noted body length 
as percent of TL as 43.9 in males and 46.7 in females, DL’s 46.0 in males, 
46.6 in females, DW’s were 58.1 in males and females, tail percentage was 
55.8 in males and 53.6 in females. North Carolina specimens, in 1993, as 
percent of TL were, 58.2 in males, 53.1 in females, DW 64.0 in males and 
65.2 in females, tail 48.0 in males and 45.1 in females. 


Sizes—TLs and DW’s of captured clearnose skates from North Carolina 
fell well within size limits noted by others: 130 mm TL (84 mm DW) for 
newborn (Bigelow and Schroeder, 1953; Fitz, 1956; Luer and Gilbert, 1985) 
and 949 mm TL for Atlantic Ocean (Schaefer, 1967) and 910 mm TL for 
Gulf of Mexico specimens (Hoese and Moore, 1977). Maximum DW’s were 
reported as 480 mm by Daiber (1960) for Delaware Bay clearnose skates. 
DW’s reported by Schwartz (1961) for clearnose skates from Chincoteague 
and Sinepuxent Bays, Maryland should have been 100-136 mm, not 1000— 
1300 mm. Maximum weights of North Carolina specimens were much less 
(1547 g male, 2070 g female), than noted (3473 g) by Bigelow and Schroe- 
der (1953) for Block Island, Massachusetts specimens. 


Environmental factors—Study specimens of clearnose skates were cap- 
tured, in 1993 and 1994, in depths of 20 M, depths similar to those of 14 
m noted by Price (1957) for the lower Chesapeake Bay, or western Atlantic 
continental shelf by Wilk and Silverman (1976). McEachran and Musick 
(1975) reported the maximum recorded depths for the species as 111 m 
south of Cape Hatteras. 

Absences of clearnose skates in 1993 and 1994 June to October samples 
were attributed to water temperatures higher than those usually frequented 
by clearnose skates. Schwartz and co-workers (1981) reported clearnose 
skates frequenting the Cape Fear River, North Carolina, waters of 12—31°C, 
lowest salinity waters were at 12 ppt at Snow’s Cut. Bigelow and Schroeder 
(1953) found clearnose skates in waters of 12—17°C off Cape Lookout, North 
Carolina. Breder (1924) captured specimens off Sandy Hook, New York, in 
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14°C water while Price (1967) noted specimens in Chesapeake Bay were 
caught in cool waters of 13 or 14°C. McEachran and Musick (1975) noted 
clearnose skates from Chesapeake Bay in waters 5—20°C, most abundantly 
in 9-20°C waters, while observations north of Cape Hatteras found skates 
in waters of 9—27°C. Hildebrand and Schroeder’s (1928) Chesapeake Bay 
observations were of captures in 21°C waters. Fitz and Daiber (1963) re- 
corded clearnose skates in 14°C (range 8—24°C) water temperatures for Del- 
aware Bay. Off Sandy Hook, New York, clearnose skates occurred in waters 
colder than 14°C. Newsome and Long (1939) noted clearnose skates in wa- 
ters of 27°C at the entrance of Chesapeake Bay. 

Clearnose skates were captured off North Carolina in waters of 32—34 
ppt salinity even though Bigelow and Schroeder (1953), Schwartz (1981, 
1995 in press) and Schwartz and co-workers (1981), reported captures in 
salinities as low as 27 ppt. Fitz (1956) noted occurrences in 22—27 ppt 
salinities in Delaware Bay. Luer and Gilbert (1985) have maintained young 
and old clearnose skates in 30—35 ppt salinities. 


Surface areas—Limited information exists on body surface areas as few 
have examined body surface area relationships in fishes. Grey (1953) devised 
a method to calculate surface areas of fishes. Musick and co-workers (1990) 
described an X factor and compared surface areas of several species of 
sharks. Schwartz and co-workers (1993) compared surface areas of the pe- 
lagic and benthic sharks, Atlantic sharpnose sharks, Rhizoprionodon terrae- 
novae and smooth dogfish (Mustelus canis), as well as described an X factor 
to fit both species. Schwartz and co-workers (1993) disproved the univer- 
sality of the x factor of 0.71, suggested by Musick and co-workers (1990), 
and suggested each species possesses its own X factor. X factors of clearnose 
skates from North Carolina were larger for both sexes than were those noted 
for sharks. The larger X factor found for clearnose skates not only reaffirms 
the idea that each species may possess its own range of X factors as well 
as suggests clearnose skates are much more active swimmers than currently 
believed. Even though the preponderance of tonguefish and other benthic 
and near benthic species comprised the foods eaten, greater skate surface 
areas apparently help them move about quickly in order to capture the varied 
foods eaten. 


Body organ-weight relationships—Few body organ-weight relationships 
exist, other than for the oyster toadfish Opsanus tau (Robinson et al. 1960) 
and sharks (Schwartz, 1978; Winner and Schwartz, 1989, 1991). Examina- 
tion of the study specimens revealed direct linearity, with little variation, in 
all of the relationships examined. 


Food—Tonguefish dominated the stomachs that contained foods. Other 
foods were similar to the 29 noted in clearnose skates from Delaware Bay 
(Fitz and Daiber, 1963) and Chesapeake Bay (Hildebrand and Schroeder, 
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1928) or various Raja spp. from elsewhere (Soarces et al. 1992). Kimmel 
(1973) found mollusks, shrimp, and crabs as dominant foods of 19-44 mm 
(TL?) skates from Magothy Bay, Virginia. Neomysis and Crangon were not 
prevalent as they were in Delaware clearnose skates in North Carolina spec- 
imen stomachs. 

Even though difficulties persisted when attempting to age clearnose 
skates, new aspects have been determined for the often ignored yet common 
clearnose skate. Statistically the sizes and surface area differences noted 
between specimens captured in 1993 and 1994 established that clearnose 
skates from North Carolina were members of one population and, as Luer 
and Gilbert (1985) pointed out, clearly a potentially useful research species. 


ACKNOWLEDGMENTS— Thanks are extended to the crew of the R/V Capricorn, O. Lewis, J. 
Purifoy, G. Safrit, and C. Jensen, often ably assisted by A. Williamson and R. Churchill of 
nearby Pine Knoll Shores, NC. UNC student V. Bonita helped analyze the 1993 specimen data. 
Drs. E Daiber of the University of Delaware, Newark and EF Snelson of University of Central 
Florida, Orlando reviewed the manuscript and provided helpful comments. Dr. K. Price, Uni- 
versity of Delaware, Lewes, provided a copy of Fitz’s thesis. R. Barnes of IMS-NC produced 
the figures. L. White typed the manuscript. 


LITERATURE CITED 


BIGELOw, H.B. AND W.C. SCHROEDER. 1953. Fishes of the Western North Atlantic. Pt. 2. Sears 
Found. Mar. Res. 1:165—187. 

BREDER, C. M. 1924. Nineteen twenty-three fish notes from Sandy Hook Bay. Copeia 1924: 
25-29. 

DaIBER, F C. 1960. A technique for age determination in the skate, Raja eglanteria. Copeia 
No. 3:258—260. 

FAHEY, W. E. 1966. Species composition of the North Carolina industrial fish fishery. Comm. 
Fish. Rev. 28(7):1—-8. 

Fitz, E. S. 1956. An introduction to the biology of Raja eglanteria Bosc 1802 and Raja erinacea 
Mitchell 1825 as they occur in Delaware Bay. MA Thesis, University Delaware, Newark, 
DE. 91 p. 

AND FE C. DarBer. 1963. An introduction to the biology of Raja eglanteria Bosc 1802 
and Raja erinacea Mitchell 1825, as they occur in Delaware Bay. Bull. Bingham Ocean- 
ogr. Coll. 18(3):69-97. 

FowLer, H.W. 1916. Winter fishes of the coast of New Jersey. Copeia 13:41—-45. 

Grey, I. E. 1953. The relation of body weight to body surface area in marine fishes. Biol. Bull. 
105:285-—288. 

HILDEBRAND, S. E AND W. C. SCHROEDER. 1928. Fishes of Chesapeake Bay. Bull. U.S. Bur. 
Fish. 43, 366 p. 

Hogse, H. D. AND R. H. Moore. 1977. Fishes of the Gulf of Mexico, Texas, Louisiana, and 
adjacent waters. Texas A&M University, College Station, TX, 327 p. 

KIMMEL, J. J. 1973. Food and feeding of fishes from Magothy Bay, Virginia. MS thesis, Old 
Dominion University, Norfolk, VA. 190 p. 

Luger, C. A. AND P. W. GILBERT. 1985. Mating behavior, egg deposition, incubation period, and 
hatching in the clearnose skate, Raja eglanteria. Envy. Biol. Fish. 13(3):161—171. 
McEAcHRAN, J. D. AND J. A. Musick. 1975. Distribution and relative abundance of seven species 
of skates (Pisces Rajidae) which occur between Nova Scotia and Cape Hatteras. Fish. 

Bull. 73(1):110—-136. 


No. 2 1996] SCHWARTZ—CLEARNOSE SKATE FROM NORTH CAROLINA 95 


Musick, J. A., C. R. TALBIT, AND D. A. Evans. 1990. Body surface areas in galeoid sharks. 
Copeia 1990:1130-1133. 

NEWSOME, W. AND S. A. LONG. 1939. On the distribution of fishes in the Gulf of St. Lawrence. 
Proc. Am. Philos. Soc. 81:399-406. 

Price, K. S., JR. 1967. Copulating behavior in the clearnose skate, Raja eglanteria, in lower 
Chesapeake Bay. Copeia 1967:854-855. 

RoBINSON, P. FE, C. G. WILBUR, AND J. B. HUNN. 1960. Organ-body weight relationship in the 
toadfish, Opsanus tau. Chesapeake Sci. 1:120—122. 

SCHWARTZ, F. J. 1961. Fishes of Chincoteague and Sinepuxent Bays. Am. Midl. Nat. 65(2): 
384408. 

1978. Body-organ weights of three basking sharks, Cetorhinus maximus, from North 

Carolina waters. Assoc. Southeast. Biol. Bull. 25:91. 

1981. Effects of freshwater runoff on fishes occupying the freshwater and estuarine 

coastal watersheds of North Carolina. p. 282-293 in R. Cross and D. Williams (eds.). 

Proc. Nat. Symp. Freshwater inflow and estuaries, Vol. 1, U.S. Fish Wildl. Serv. Prog. 

(FWS/OBS-81)04. 

1995. Elasmobranchs frequenting fresh and low saline waters of North Carolina during 

1971-1991. J. Aquacult. Aquatic Sci., in press. 

, W. T. HOGARTH, AND M. P. WEINSTEIN. 1981. Marine and freshwater fishes of the Cape 

Fear estuary, North Carolina, and their distribution in relation to environmental factors. 

Brimleyana 7:17—37. 

, C. R. SALEEBY, JR., AND G. S. Rose, II. 1993. Body surface areas and gill filaments in 
two carcharhinid sharks captured off North Carolina. J. Elisha Mitchell Sci. Soc. 190(1): 
55-61. 

SHAEFER, R. H. 1967. Species, composition, size, and seasonal abundance of fish in the surf 
waters of Long Island. N.Y. Fish Game 14(1):1—46. 

Soarces, L. S. H., G. L. Ross-WonctscHowskl!, L. M. C. ALVARES, E. Y. MuTO, AND M. L. 
A. GASALLA. 1992. Grupos tropicos de pixes demersais de plataforma continental interna 
de Ubatuba, Brasil 1. Chondrichthyes. Bol. Instito Oceanogr., Sao Paulo, Brazil 40(1/2): 
79-85. 

WILK, S. J. AND M. J. SILVERMAN. 1976. Fish and hydrographic collections made by the research 
vessels Dolphin and Delaware I during 1968-72 from New York to Florida. NOAA 
Tech. Rep. Nat. Mar. Fish. Serv. SSRF 697, 139 p. 

WINNER, B. AND E J. SCHWARTZ. 1989. Relative growth of hearts in four species of carcharhinid 
sharks. Assoc. Southeast. Biol. Bull. 36(2):107. 

AND FE J. SCHWARTZ. 1991. Allometry and body organ-weight relationship of the liver 

in six species of carcharhiniform sharks in Onslow Bay, North Carolina. Assoc. South- 

east. Biol. Bull. 38(2):96. 


Florida Scient. 59(2): 82—95. 1996 
Accepted: November 3, 1995. 


Biological Sciences 


RARE VERTEBRATE FAUNA OF CAMP BLANDING 
TRAINING SITE, A POTENTIAL LANDSCAPE LINKAGE 
IN NORTHEASTERN FLORIDA 


DAN L. HIPES AND DALE R. JACKSON 


Florida Natural Areas Inventory/The Nature Conservancy, 1018 Thomasville Road, 
Suite 200-C, Tallahassee, FL 32303 


ABSTRACT: Camp Blanding Training Site (CBTS) is-a Florida Department of Military 
Affairs Army National Guard facility encompassing 29,500 ha in western Clay County, north- 
eastern Florida. Land use is divided principally among military training, timber management, 
and support facilities. CBTS supports a diverse though disturbed landscape of upland, palus- 
trine, and lacustrine natural communities, with xeric to mesic pineland communities predomi- 
nating. 

CBTS is within or approached by the ranges of at least 40 rare vertebrate species, as 
well as several rare invertebrates and vascular plants. We conducted a 13-month survey during 
1993-1994 to determine the presence and distribution of rare amphibians, reptiles, birds, and 
mammals at CBTS, with additional limited aquatic sampling focusing on fishes and one rare 
crayfish. 

We observed 18 species of rare vertebrates at CBTS, including substantial populations of 
the striped newt, gopher frog, gopher tortoise, red-cockaded woodpecker, southeastern Amer- 
ican kestrel, Bachman’s sparrow, Florida mouse, and Sherman’s fox squirrel. Most of the rare 
vertebrates at CBTS are members of two communities naturally dominated by longleaf pine— 
sandhills and longleaf pine flatwoods—or the isolated wetlands contained within them. Unfor- 
tunately, remaining tracts of longleaf pine are generally in marginal condition as a result of 
years of fire suppression that have allowed extensive invasion by hardwood species. Appropriate 
management of these habitats should include their gradual return to uneven-aged forests dom- 
inated by longleaf pine, with prescribed growing season fires used to promote native ground- 
cover production while suppressing hardwood encroachment. 

Despite decades of past land management practices that often have been incompatible 
with the maintenance of native communities, CBTS nonetheless retains a significant component 
of biodiversity native to this region. With the adoption of more ecologically sensitive land 
management, Camp Blanding may be able to serve as a vital link in a potentially integrated 
and functional network of inland ecosystems throughout the north Florida-south Georgia re- 
gion. 


CAMP BLANDING TRAINING SITE (CBTS) is a Florida Department of Mil- 
itary Affairs Army National Guard facility encompassing 29,500 ha in west- 
ern Clay County, northeastern Florida. Land use is divided principally 
among military training, tmber management, sand mining and support fa- 
cilities. A 6500-ha tract of training area (ca. 22% of the total site, referred 
to as the “Impact Area’’) is designated as an artillery impact and buffer 
zone to which access is severely restricted. Major features such as streams, 
lakes and roads are shown (Fig. 1). 
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Fic. 1. Map of Camp Blanding Training Site, showing major lakes, streams, paved roads, 
and other features referred to in text. Diagonal hatching, mined area; stippling, Impact Area; 
1, North Fork Black Creek; 2, highway 16; 3, Kingsley Lake; 4, Wolf Branch; 5, South Fork 
Black Creek; 6, Varnes Lake; 7, Blue Pond; 8, Lowry Lake; 9, Magnolia Lake; 10, Gidding 
Road Scrub. 


CBTS lies at the southern end of the Trail Ridge physiographic region 
(White, 1970). The ridge is characterized by excessively drained to mod- 
erately drained soils of the Penny-Kershaw-Ortega soil association, and 
somewhat poorly drained soils of the Hurricane-Leon-Mandarin and the 
Leon-Mandarin-Pottsburg soil associations (United States Department of 
Agriculture, 1989). Elevations on CBTS range from 15 to 74 m above sea 
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level. CBTS is drained to the north and east by Black Creek and its tribu- 
taries, to the south by Etoniah Creek, and to the west by tributaries of the 
Santa Fe River; the first two creeks drain to the Atlantic via the St. Johns 
River, while the Santa Fe is a major tributary of the Suwannee River, a Gulf 
Coast drainage. Upland natural communities at CBTS, in decreasing order 
of areal representation, are sandhill, mesic flatwoods, xeric hammock, upland 
mixed hardwoods, scrub, and scrubby flatwoods; a substantial portion of the 
upland acreage has been variously altered for forestry and military use. 
Palustrine natural communities include baygall, wet flatwoods, bottomland 
forest, basin swamp, depression marsh, and dome swamp. Sandhill upland 
lakes (principally Kingsley, Lowry, and Magnolia) and sinkhole lakes com- 
prise the lacustrine communities. Blackwater streams and seepage streams 
represent the riverine communities (Hipes et al., 1995). 

CBTS is within or approached by the ranges of at least 40 rare vertebrate 
species (Table 1; Florida Natural Areas Inventory, 1990). Assessment of 
threatened and endangered species is mandated by Section 7 of the Endan- 
gered Species Act of 1973; the objective of this project was to provide Camp 
Blanding with the locations of rare amphibians, reptiles, birds, and mammals 
on the training site to facilitate compliance with this regulation. The survey 
was conducted in 1993 and part of 1994; all field efforts were conducted 
by Dan Hipes in cooperation with a variety of assistants. Focal species 
included state and federally listed vertebrates as well as those considered 
potential candidates for such listing (Table 1). Additionally, a short-term 
ichthyological survey was undertaken by George Burgess of the Florida 
Museum of Natural History (FMNH) in September-December to characterize 
the fish faunas of representative aquatic habitats and to identify any rare 
taxa that may be present. Data were also collected for one species of inver- 
tebrate—Procambarus pictus, the Black Creek crayfish, listed by the state 
as a Species of Special Concern—in conjunction with other aquatic sam- 
pling. Table 1 provides a general chronology of surveys. 

Rare species previously documented for CBTS include striped newt, 
gopher tortoise, eastern indigo snake, red-cockaded woodpecker and south- 
eastern American kestrel [combined records, Florida Natural Areas Inven- 
tory (FNAI) and Florida Game and Fresh Water Fish Commission]. 


METHODS AND RESULTS—The study employed a wide variety of survey 
methods. Species-specific techniques are outlined below. No specific survey 
was conducted for the spotted turtle, Cooper’s hawk, Florida burrowing owl, 
American swallow-tailed kite, peregrine falcon, southeastern American kes- 
trel, Florida sandhill crane, least bittern, wood stork, yellow-crowned night- 
heron, black-crowned night-heron, osprey, hairy woodpecker, southeastern 
weasel, round-tailed muskrat, southeastern big-eared bat, Sherman’s fox 
squirrel, or Florida black bear. Locational information for these species was 
recorded in conjunction with other surveys. Detailed site maps for all lo- 
cations identified below are included in Hipes and Jackson (1994). 
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Gopher tortoise—Suitable gopher tortoise habitat (most xeric uplands) 
on CBTS was identified from soil maps and true color aerial photographs 
(1:7200). Stream drainages and unsuitable habitat then were used to subdi- 
vide this habitat into 21 gopher tortoise sub-populations (Fig. 2). Two per- 
sons walked ten-meter wide transects through each sub-population until at 
least 10% of the area was covered; area covered then was determined by 
multiplying total length of transects by 10 m. For each sub-population, the 
number of active plus inactive tortoise burrows was divided by the area to 
obtain burrow density. Burrrow density was multiplied by a correction factor 
of 0.614 (Auffenberg and Franz, 1982) to estimate tortoise population den- 
sity. Although this correction factor has been shown to be inaccurate in some 
cases (Cox et al., 1987), it nonetheless provides a useful approximation 
without the need to develop our own correction factors for each site and 
habitat. Tortoise density then was multiplied by the approximate acreage to 
obtain an estimate of the number of individuals in each sub-population. 

Extensive field reconnaissance showed that gopher tortoises are present 
throughout much of the uplands of CBTS, with the majority occurring in 
the 21 sub-populations identified (Fig. 2). One of the populations is within 
a reclaimed portion of the sand mine. Table 2 summarizes our estimates of 
tortoise population densities and sizes for each sub-population. We probably 
overlooked burrows of some small juveniles, but these likely are few in 
number. Density estimates range from 0.15 to 0.62 tortoises per hectare. 
Total area within the identified sub-populations is approximately 6540 ha. 
Total population size was estimated at 10,607. 


Flatwoods salamander, Striped newt, Gopher frog—*‘Blue Line” aerial 
photographs (1:2400 and 1:4800), county soil survey maps, and U.S. Geo- 
logical Survey topographic maps (1:24,000) were used to identify 45 small 
ephemeral wetlands that potentially are used by flatwoods salamanders, 
striped newts, and gopher frogs as breeding sites. Twenty-eight of these were 
judged as possible breeding sites and were sampled with 4.8-mm mesh dip- 
nets. Fifty to 150 net-sweeps (depending on the size of the pond) were made 
at each site. With the exception of one adult male and one adult female 
collected as voucher specimens, all striped newts captured were released 
immediately. Because of difficulty in distinguishing gopher frog from leop- 
ard frog (Rana utricularia) tadpoles, a sample was collected from each pond 
with tadpoles present. These tadpoles were raised in aquaria until identifi- 
cation could be made. During the fall and winter, each pond was visited on 
rainy and subsequent nights to listen for gopher frog vocalizations. 

Gopher frog surveys also were conducted at gopher tortoise burrows. 
Aluminum screen funnel-traps were set at the entrances to 16 to 75 burrows 
within each of the 21 gopher tortoise sub-populations (see below), for a total 
of 730 trap-nights. The number of traps set was determined by the areal 
extent of the tortoise sub-population as well as the number of burrows pres- 
ent. Traps were set 1-4 hours before sunset and checked at sunrise. The first 
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Fic. 2. Distribution and boundaries of gopher tortoise sub-populations on Camp Blanding 
Training Site. Numbers correspond with those listed in Table 2. 


21 burrows were trapped for three consecutive nights. All other burrows 
were trapped for a single night so that a greater number of burrows could 
be sampled. 

Flatwoods salamanders were not found on CBTS. The habitat surround- 
ing most of the ponds surveyed appears to be better drained than is desirable 
for this species, which prefers poorly drained pine/wiregrass flatwoods with 
scattered ephemeral ponds for breeding (Mount, 1975; Ashton, 1992). Al- 
ternatively, if the species ever did exist on CBTS, the silvicultural alteration 
of much of the flatwoods on-site may explain its apparent absence today. 
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TABLE 2. Data summary for gopher tortoise sub-populations and burrow associates at 
Camp Blanding Training Site. A + indicates species was trapped or observed within a given 
tortoise sub-population. Tortoise sub-population density (D; individuals per ha) and size (N) 
were estimated by multiplying burrow (active + inactive) density by 0.614 (tortoise: burrow 
correction factor of Auffenberg and Franz, 1982). 


Gopher tortoise Gopher Florida Indigo 


Sub-population Area (ha) D N frog mouse snake 


1 71.0 2.40 170 — = = 
2 118.4 1.98 235 + - = 
3 151.8 EDT, 194 <f + - 
4 20.0 1.10 22 + - - 
5 38.8 0.93 36 + — — 
6 61.9 1.96 121 + - ~ 
7 124.7 1.86 233 =f = - 
8 40.8 1.18 48 + - - 
9 287.3 0.93 267 + - - 
10 183.7 3.72 683 ar - = 
11 79.6 1.86 148 ~ - - 
12 40.8 223 91 = ~ — 
13 118.0 3.06 361 aE - = 
14 18.2 2.40 44 +. - - 
15 4.1 1.96 8 = ~ - 
16 16.7 2.40 40 + - - 
17 9.4 2.43 23 te ~ - 
18 70.2 2.05 144 = = = 
19 11223 1.9] 2144 + - — 
20 3469.4 1.45 5031 =f + - 
21 489.8 1.15 564 = > - 
Grand mean, Total 6536.9 1.62 10,607 3° + + 


Striped newts were found in ten of the 28 ephemeral ponds sampled 
(Fig. 3). Two voucher specimens were deposited in the FMNH collection 
(UF88606 and UF88607). We made no observations of newts in the sur- 
rounding upland habitat (generally sandhill), which the species uses during 
its terrestrial life stage (Dodd, 1993). 

Although striped newts are not currently under legal protection, federal 
and state listing may be imminent. This rare species is endemic to southern 
Georgia and north-central Florida. In a recent survey of historic and potential 
breeding sites in Georgia, Dodd and LaClaire (1995) found striped newts at 
only five of 108 sites sampled. A 1993-1995 survey by Dick Franz (1995) 
has documented a similar decline of striped newts in Florida. Habitat alter- 
ation at breeding ponds and in surrounding upland habitat appears to be 
responsible for this decline (Christman and Means, 1992; Dodd and La- 
Claire, 1995). 

Gopher frogs were heard calling from 21 of the 35 ponds visited, in- 
cluding all but one of the ponds supporting striped newts (Fig. 3). None of 
the tadpoles raised was a gopher frog; however, all tadpoles were collected 
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Fic. 3. Distribution of breeding ponds for striped newts and gopher frogs on Camp 
Blanding Training Site. Split circles indicate both species; dark circles indicate gopher frogs 
only; open circles indicate striped newts only. 


prior to a late winter storm (March 1993) that stimulated the noted gopher 
frog breeding activity. A total of 30 gopher frogs was caught in 718 trap- 
nights within 17 of the 21 gopher tortoise sub-populations (Table 2). A 
gopher frog was found at one additional site (Fig. 2, site 4)) with the burrow 
camera (below). 


Eastern indigo snake, Florida pine snake, eastern diamondback rattle- 
snake—A camera system designed to insert into gopher tortoise burrows 
was used to survey for indigo snakes, pine snakes and diamondback rattle- 
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snakes. The camera is a modification of that developed by Ed Wester 
(Southern Ecosystems Research). The equipment consisted of a mini closed 
circuit camera enclosed in a 5.1-cm PVC housing with a plexiglass cover. 
The housing was mounted on the end of a plastic conduit pipe that holds 
the wires connecting the camera to a 12.7-cm black-and-white monitor. We 
examined 1019 gopher tortoise burrows distributed in proportion to area 
among the sub-populations. 

Indigo snakes, pine snakes and diamondback rattlesnakes also were tar- 
get species in general surveys conducted throughout the year. Four searches 
were made along the entire length of a forested ravine extending from Im- 
pact Road to Lowry (aka Sand Hill) Lake. We also searched the perimeter 
of each of the 28 ponds sampled in the rare amphibian survey during each 
visit, as well as numerous roads during the day and on rainy evenings. 

We recorded eastern indigo snakes within the two southernmost gopher 
tortoise sub-populations (Table 2). Two individuals were observed in bur- 
rows at site 21, and one individual and two shed skins were observed at site 
20 (Fig. 2). 

One Florida pine snake was observed crossing Treat Road east of Blue 
Pond. Pine snakes spend most of their time underground and are therefore 
difficult to survey (Franz, 1984). Although pine snakes regularly use gopher 
tortoise burrows (Franz, 1984), none were observed in the 1019 burrows 
scanned by camera nor in the 730 funnel-trapped burrows. Nonetheless, we 
anticipate that this species occurs throughout CBTS, though perhaps at low 
population density, with the greatest number occurring in the southern half 
of the site in association with pocket gophers (Geomys pinetis). Pocket go- 
pher is a principal prey item and the engineer of underground burrows in 
which these snakes spend as much as half their time (Franz, 1984). 

Three eastern diamondback rattlesnakes were recorded at CBTS. Two 
individuals were observed crossing Treat Road within site 21, and a third 
occupied a tortoise burrow within site 20. 


American alligator—A nocturnal spotlight survey was conducted for 
alligators on Lowry Lake and Magnolia Lake, two large, clear upland sand- 
hill lakes in the southern part of CBTS (Fig. 1). A one million-candle power 
spotlight (Brinkman, Maxmillion) was used at three locations on each lake 
to search for eye-shine. An effort was made to illuminate discrete areas from 
each point and to complete the survey as quickly as possible to prevent 
duplication of sightings. Observations of alligators also were made through- 
out the year in conjunction with other surveys. 

Alligators were observed on both the North and South forks of Black 
Creek, in a temporary pond off Wolf Branch, and in Lowry and Magnolia 
lakes. They probably exist in low population densities in all aquatic habitats 
throughout CBTS. 


Short-tailed snake—Clay County lies just east of the known range of 
the secretive short-tailed snake, the nearest specimens having been taken a 
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few km away in northeastern Alachua County (Moler, 1982). We spent a 
total of 11 hours raking through leaf litter and loose sand with a potato rake 
in search of the species, principally in disturbed sandhill habitat. Shed pine 
bark and other litter of dead trees also were examined opportunistically 
throughout the year. No individuals were found. However, other studies have 
achieved success in capturing this secretive species only with extensive use 
of drift fences. Nonetheless, massive vertebrate survey efforts at other near- 
by sites on Trail Ridge (e.g., the Ordway-Swisher Preserve and Gold Head 
Branch State Park) have likewise failed to record the species’ presence, so 
that for now we presume its absence from this physiographic feature is real. 


Bachman’s sparrow—Potential Bachman’s sparrow habitat (open pine- 
lands) was identified from true color aerial photography (1:7200). Each area 
was then surveyed for singing males on six or more occasions, with the 
exception of one site within the restricted Impact Area that was visited only 
once. Surveys were conducted during the first three hours of daylight. We 
listened for singing males from points every 200 meters along roads bor- 
dering the sites. 

Bachman’s sparrows are common throughout CBTS in pinelands that 
have a moderate to dense groundcover of palmettos (Serenoa repens) and/ 
or grasses (e.g., Aristida and Sporobolus). This includes all of the red-cock- 
aded woodpecker colonies (below), young pine plantations, and seed tree 
cut plantations. The species is consistently absent from closed canopy plan- 
tations. Based on our data, we recognize eleven occurrences (sub-popula- 
tions) of Bachman’s sparrow at CBTS; these range in size from 12 to 400 
ha. No population or density estimates were made. 


Florida scrub jay—Scrub habitat was identified from “‘blue line”’ aerial 
photographs (1:2400 and 1:4800) and by interviewing knowledgeable indi- 
viduals at CBTS. Transects were established at each potential site. Spacing 
between transects varied with habitat accessibility and ranged from 50 to 
150 m. Each site was surveyed during the spring, summer and fall. Surveys 
were conducted from one to four hours after sunrise. Recorded scrub jay 
scold and “‘hiccup” calls (Barbour, 1977) were played every 50 m along 
transects. A period of ten minutes was allowed before moving to the next 
playback point. 

Scrub jays were not found on CBTS during the surveys in 1993. How- 
ever, three individuals were observed on multiple occasions during October, 
1995 at ““Kingsley Lake Scrub’’, located on the southeast edge of Kingsley 
Lake (Jim Garrison, 1995). A population of scrub jays historically occurred 
at this site, probably as part of the species’ northernmost population that 
extends into adjacent Gold Head Branch State Park. Much of the former 
Kingsley Lake Scrub has been cleared or is severely overgrown. The site 
also has served as a source of sand fill and was used as a motocross track 
until its closure in 1993. The remaining scrub (ca. 6 ha), although structur- 
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ally suitable, may be too small to support a family of scrub jays, based on 
a typical territory size of ca. 8 ha (Fitzpatrick et al., 1991). Active manage- 
ment, including intense growing season prescribed fire and the prohibition 
of all vehicular traffic, is needed to reclaim the historic scrub habitat at this 
important site. 

**Gidding Road Scrub”’ (Fig. 1) is structurally marginally suitable, but 
at 2.8 ha, may be too small to support scrub jays. This area appears to be 
naturally small and historically may have only supported dispersing scrub 
jays for short periods of time. 

“Blue Pond Scrub’’, located just south of Blue Pond (Fig. 1) has trees 
of the desirable height (1—2 m), but also appears to be too small to support 
a scrub jay family. This site, however, also may have supported dispersing 
individuals, and therefore its importance should not be overlooked. 

““Lowry Lake Scrub” is the largest relatively continuous tract of scrub 
habitat on CBTS and holds the greatest potential for supporting multiple 
scrub jay families. At 49 ha, the site potentially could support six families. 
Lack of open areas, however, may be a limiting factor at this site. Open 
sandy patches occupying at least 10% of the area are critical for burial and 
recovery of acorns (Fitzpatrick et al., 1991). Parts of the area have burned 
recently and currently may be suitable habitat, whereas other parts of this 
site are overgrown and in need of prescribed fire. 


Southeastern American kestrel—Although no specific survey was con- 
ducted for southeastern kestrels, sightings were noted throughout the breed- 
ing season (May-July). Seven breeding territories were identified at wide- 
spread locations on CBTS. Both adults were observed on six of the terri- 
tories; only an adult male was observed on the seventh. One fledgling was 
observed on each of three territories. Young kestrels were difficult to observe 
because they were often hidden by tree canopies. It is likely that more young 
fledged than were observed. Aerial photographic interpretation of the Impact 
Area revealed large areas of suitable habitat, and it is probable that additional 
breeding territories occur there. 

Potential nesting sites for kestrels (typically old pine snags; see Stys, 
1993) appear to be limited on CBTS. Longleaf pine (Pinus palustris) has 
been removed from much of the sandhill habitat, leaving a near-monoculture 
of turkey oak (Quercus laevis). All of the territories noted above exist in 
areas still supporting longleaf pine. 


Red-cockaded woodpecker (RCW)—Potential RCW habitat (principally 
stands of mature longleaf pine) was identified from ““Blue Line”’ (1:2400 
and 1:4800) and true color (1:7200) aerial photographs; all sites were sub- 
sequently inspected in the field. Sites with longleaf pine that appeared to be 
older than 100 years were surveyed; this included approximately 1400 ha 
of longleaf pine flatwoods and 500 ha of turkey oak-dominated sandhill with 
remnant longleaf pine. Previously known colony sites (CBTS and FNAI 
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Fic. 4. Distribution of red-cockaded woodpecker colonies on Camp Blanding Training 
Site. Closed circles indicate active colonies; triangles indicate inactive colonies. 


records) and surrounding areas also were examined for unmarked cavity and 
start trees. We attempted to inspect each old-age longleaf pine within the 
surveyed areas for RCW cavities or evidence of initiated cavities (start 
holes). The location of each cavity or start tree was recorded with a global 
positioning system (GPS) data logger. These data were processed using 
Trimble Navigation PFINDER® software. 

We identified 18 active and 17 inactive colonies on CBTS during 1993 
(Fig. 4). A total of 37 previously unknown cavity and start trees was found 
among one previously unknown active colony, seven previously unknown 
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inactive colonies, and 25 known colonies. Two known “‘colonies’’ were 
subdivided on the basis of behavioral observations and a U.S. Fish and 
Wildlife Service guideline (R. Costa, 1993) suggesting that active trees sep- 
arated by more than 360 m be assigned to discrete colonies. 

Most of the habitat at RCW colonies is in marginal to poor condition 
with respect to hardwood encroachment and area supporting longleaf pine. 
At least one site (colony 16) has been abandoned recently as a result of 
hardwood encroachment, and we anticipate a similar fate for others in the 
near future if the hardwoods are not killed by fire or other means. Areas 
around colonies where the birds forage have received less attention at CBTS 
than the colony sites themselves. Hardwood encroachment has degraded 
many former foraging areas to the point that they are no longer suitable 
habitat. None of the colonies has the recommended 81 ha of foraging habitat 
made up of longleaf pine (U.S. Fish and Wildlife Service, 1989); areas range 
from less than 0.5 ha to a maximum of 35 ha. The balance therefore is 
comprised of adjacent slash pine (Pinus elliottii) stands that provide poor 
foraging habitat because of the close spacing of trees. 


Bald eagle and osprey—A search for bald eagle nests was conducted 
via helicopter flying at an altitude of 45 to 90 m above ground. Principal 
focal areas of the survey were the tree-lined lakes in the southern half of 
the training site, as well as the larger wetlands associated with the South 
Fork of Black Creek. 

We observed no bald eagle nests on CBTS. Adult and juvenile bald 
eagles, however, were observed fishing on Kingsley, Lowry, and Magnolia 
lakes. Suitable nest trees (tall cypress and pines) are present around all of 
the large lakes on the site, and it is likely that bald eagles will nest at CBTS 
in the future as the Florida bald eagle population continues to expand. 

During the bald eagle survey, we recorded several osprey nests on the 
perimeter of Varnes Lake. Because this was prior to the osprey breeding 
season, we could not confirm that the nests were active, and no flight could 
be scheduled at the proper time. Ospreys are common on CBTS and prob- 
ably nest there. 


Great egret, little blue heron, snowy egret, tricolored heron, white ibis— 
“Blue line” aerial photographs (1:2400 and 1:4800) were used to identify 
potential wading bird breeding habitat. Several potentially suitable areas 
were identified within the Impact Area. Unfortunately these areas could be 
flown over only during the bald eagle survey prior to wading bird nesting. 
We also attempted to locate (on foot) a previously documented (Runde et 
al., 1991) wading bird rookery. Because the site is located some distance 
into the Impact Area, we were unable to get close enough to document 
continued nesting at the site. 

Small numbers of great egrets, snowy egrets, and little blue herons oc- 
casionally were observed foraging throughout the wetland communities on 
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CBTS. However, we documented no large roosting or breeding aggregations 
during the study. 


Florida mouse—Florida mouse surveys were conducted within each of 
the gopher tortoise sub-populations. A pair of small Sherman live traps bait- 
ed with rolled oats was set at the mouth of each of 20 to 98 burrows per 
site for a total of 2456 trap-nights. Traps were set in the evening and checked 
at sunrise. The first 98 burrows were trapped for three consecutive nights. 
All others were trapped for a single night to increase the number of burrows 
that could be monitored. 

We caught a total of 29 Florida mice within 15 of the 21 gopher tortoise 
sub-populations (Table 2). Trapping success was 0.012 mice/trap-night; this 
is approximately half of that reported by Layne (1990) (0.025 mice/trap- 
night) for similar habitats throughout the state, and by Jones (1995) (0.023 
mice/trap-night) in sandhill habitat at the nearby Katherine Ordway Pre- 
serve-Swisher Memorial Sanctuary, Putnam Co. 


Sherman’s fox squirrel—Although no specific survey was conducted for 
Sherman’s fox squirrel, we recorded 42 observations throughout the year in 
12 areas. These areas range in size from 40 to 1400 ha and include RCW 
colonies, barracks areas supporting longleaf pine, and the sandhill sites 20 
and 21 (Fig. 2). 


Florida black bear—We observed a possible bear track at the north end 
of Range Line Road; however, erosion of part of the track precluded positive 
identification. In addition we noted bear droppings in training area S1 in the 
sandhills just west of Bull Creek. Hunters at CBTS also have reported oc- 
casional black bear sightings (Garrison, 1993). 

Known populations of Florida black bears exist both north (Okefenokee 
and Pinhook swamps) and south (Ocala National Forest) of CBTS. Dis- 
persing individuals may forage on and pass through the base, which may 
lie within an ecological corridor connecting these populations. 


Fishes—Four rare fish species potentially occur on CBTS: mud sunfish 
(Acantharcus pomotis), tesselated darter (Etheostoma olmstedi), dusky shiner 
(Notropis cummingsae) and eastern mud minnow (Umbra pygmaea) (Gil- 
bert, 1992). Sixteen survey sites were divided among tributaries of North 
Fork Black Creek, South Fork Black Creek, and Etoniah Creek. Additional 
samples were taken in Kingsley Lake, Lowry Lake, and two sand mine 
ponds. Collections were made using 1.2 m X 3.0 m 4.8-mm mesh and 1.8 
m * 6.1 m 9.6-mm mesh seines and 9.8-mm mesh dipnets. Approximately 
100 m of stream or lake edge were sampled at each site. 

No rare fishes were found on CBTS. The principally sandy bottoms of 
the streams may not have been suitable for mud sunfish or mud minnows. 
The tesselated darter, although common along much of the Atlantic coast, 
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has only been found in Florida at three localities in the nearby Oklawaha 
River drainage. The dusky shiner is common throughout much of the south- 
eastern coastal plain, including several drainages in the central portion of 
the Florida panhandle, but is known from only a few localities in the St. 
John’s River drainage. A more intensive survey may be necessary to deter- 
mine presence of rare fishes at CBTS. Additional geographical information 
on peninsular Florida aquatic fauna can be found in Burgess and Franz 
(1978). 


Black creek crayfish—The Black Creek crayfish is endemic to north- 
eastern Florida. It is found chiefly in Black Creek and its tributaries but 
recently has been discovered in two locations in Etoniah Creek as well 
(Franz and Franz, 1979; Franz and Franz, 1990). In conjunction with the 
fish survey, the species was collected at several sites within the Black Creek 
drainage. Additionally, several individuals were caught in a small seepage 
stream that feeds into Lowry Lake near the head of the Etoniah Creek drain- 
age. This is only the third known occurrence outside the Black Creek drain- 
age. It is interesting that this small population, which is confined to less 
than 3 km of stream, is isolated by the relatively oxygen-poor water of 
Lowry Lake. 


DIscUSSION—At least 18 rare vertebrate species inhabit Camp Blanding 
Training Site (Table 1). Our survey provided, to our knowledge, the first 
confirmed records of Florida mouse, Florida pine snake, and gopher frog. 
The striped newt population may be the second largest on public land, after 
that in the Apalachicola National Forest. The red-cockaded woodpecker pop- 
ulation is small compared to those in western Florida, but can help augment 
genetic diversity of nearby populations through bird swapping programs. 
Additionally, the populations of gopher frogs, tortoises, Florida mice, fox 
squirrels and Black Creek crayfish, are particularly important from range- 
wide perspectives because of the large area on CBTS supporting these spe- 
cies. 

Most of the rare vertebrates at CBTS are members of two communities 
naturally dominated by longleaf pine—sandhills and longleaf pine flatwoods. 
Unfortunately, much of the area historically occupied by longleaf pine has 
been cleared or converted to slash pine plantation following commercial 
harvest of the longleaf. Remaining tracts of longleaf pine are generally in 
marginal condition as a result of years of fire suppression that have allowed 
extensive invasion by hardwood species. Most sandhills on CBTS are in 
relatively poor condition, with few if any longleaf and a moderate to dense 
canopy of turkey oaks retarding the growth of herbaceous species that pro- 
vide food and cover for much of the native sandhill fauna. Gopher tortoises 
are concentrated in the transitional areas between sandhill and flatwoods and 
in cleared areas where herbaceous vegetation is more abundant; this pro- 
duces an illusion of tortoise abundance. Overall population density, however, 
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is relatively low. The loss or degradation of longleaf pine habitats at CBTS 
surely has been accompanied by corresponding declines of other habitat- 
dependent species as well, such as the red-cockaded woodpecker and Sher- 
man’s fox squirrel. Appropriate management of former or degraded sandhill 
and flatwoods habitats should include their gradual return to uneven-aged 
forests dominated by longleaf pine, with prescribed growing season fires 
used to promote native groundcover production while suppressing hardwood 
encroachment. 

Apparent low numbers of large snake species (e.g., pine and indigo 
snakes, diamondback rattlesnakes) probably reflect a dual causation. Habitat 
degradation, particularly of the native groundcover, likely has been accom- 
panied by declines in the abundance of small vertebrate prey species (small 
mammals, reptiles, and ground-dwelling birds). Additionally, direct perse- 
cution of large snakes occurs regularly on military bases that provide train- 
ing for large numbers of personnel as well as hunting opportunities for the 
general public. 

The wetland systems of CBTS generally have incurred less ecological 
damage than surrounding upland habitats. Most lakes and streams surveyed 
appear to support reasonably complete and healthy native biotas. Erosion 
along some streams could be reduced by minor rerouting of some roads 
coupled with bank stabilization procedures; improved culverts at some cross- 
ings may be appropriate. Of concern, however, is continuing damage being 
inflicted by off-road vehicles upon the temporary pond (depression marsh) 
communities that serve as breeding sites for striped newts and gopher frogs, 
as well as providing breeding and/or foraging habitat for a variety of other 
vertebrate species (LaClaire and Franz, 1991). Vehicular traffic not only 
disrupts pond floor microtopography and eliminates herbaceous vegetation 
important to larval amphibians but also may break the organic hardpan be- 
neath the pond floor and thereby prevent water from collecting in the pond 
basin (LaClaire and Franz, 1991). It is vital, therefore, that these critical 
wildlife habitats, with ample terrestrial buffers (preferably 2100 m), be pro- 
tected from all forms of vehicular traffic, including military maneuvers. In 
contrast, the incursion of fires into these basins during dry periods is natural 
and ecologically necessary to control excessive encroachment by hardwoods 
and shrubs. Both lightning-induced and prescribed fires therefore should be 
allowed to burn through these systems, unimpeded by plowed fire lanes. 

Biologists are examining the possibility of securing a continuous series 
of public lands in an effort to maintain or restore a semblance of the eco- 
logical integrity and “‘connectedness”’ of the major inland ecosystems in the 
north Florida-south Georgia region. This “‘ecological corridor’? would ex- 
tend from the Okefenokee Swamp, through Pinhook Swamp and the Osceola 
National Forest, and, through a series of tracts, to the Ocala National forest 
and other public lands in north-central and central Florida. Recent and on- 
going land protection efforts have highlighted the potential importance of 
CBTS as a vital link in this effort. 
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This study documents that, despite decades of past land management 
practices that often have been incompatible with the maintenance of native 
communities, CBTS nonetheless retains a significant component of biodi- 
versity native to this region. With the adoption of more ecologically sensitive 
land management, positive strides can be made to restore native habitats and 
replenish depleted populations. If successful, this will in turn increase the 
future importance of Camp Blanding as a vital link in an integrated and 
functional network of ecosystems throughout the north Florida-south Geor- 
gia region. 
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THE OLD WORLD TROPICAL HOUSE GECKO (HEMIDACTYLUS 


MABOUIA) ON THE DRY TORTUGAS—Walter E. Meshaka, Jr. and 
Barron A. Moody,” ‘“Museum, Everglades National Park, 40001 State Road 
9336, Homestead, Florida 33034-6733, Present address, 662 Elmwood Avenue, 
Webster Groves, Missouri 63119 


ABSTRACT: The Old World tropical house gecko (Hemidactylus mabouia) is reported for 
the first time from the Dry Tortugas where it occurs on buildings and surrounding vegetation 
of Ft. Jefferson on Garden Key. Its diet included hard and soft-bodied prey of various sizes, 
including roaches and scorpions. Colonization by this species was subsequent to that of its 
congener, H. garnotii, which is now nearly absent on Garden Key, but still numerous on 
Loggerhead Key where it occurs alone. Our findings of species replacement corroborate an 
assertion that among hemidactyline geckos, only one species remains dominant at a time on 
buildings in Florida. 


THE OLD WORLD tropical house gecko (Hemidactylus mabouia) occurs 
in portions of the West Indies and South America (Schwartz and Henderson, 
1991) and, in more recent times, southern Florida (Lawson et al., 1991; 
Butterfield et al., 1993) where it is widespread on buildings and surrounding 
vegetation (Meshaka et al., 1994a). Here, we report the presence of H. ma- 
bouia on the Dry Tortugas, and measure its abundance, present diet, and 
colonization success relative to that of its congener, the Indo-Pacific gecko 
(H. garnotii). 

Geckos were counted and collected at night with the aid of a flashlight 
on the interior walls of Ft. Jefferson (Garden Key) and, 1.24 km away, on 
old Coast Guard buildings (Loggerhead Key), in Dry Tortugas National 
Park, Monroe Co., Florida, on 17 May 1995 and 12 September 1995. A 
sample of H. mabouia was collected from Garden Key on the first visit for 
examination of diet. Specimens were frozen within one hour of capture. One 
week later, specimens were fixed in 10% formalin and transferred to 70% 
ETOH. Snout-vent length (SVL) of all individuals was measured to the 
nearest 1.0 mm. Sexual maturity was ascertained by the presence of enlarged 
ovarian follicles in females and coiled epididymides in males. Prey were 
identified to the level of Order. Length and width of prey were measured to 
the nearest 1.0 mm. Mean values are followed by + 2 standard deviations. 
All specimens are stored in the Everglades Research Collections Center 
(ERCC) in Everglades National Park, Homestead, Florida. 

Eight males (57.3 + 6.2 mm SVL; range = 49-66), five females (59.4 
+ 2.3 mm SVL; range = 57-63), and three juveniles (28, 38, 45 mm SVL) 
were collected on Garden Key 17 May 1995. Ten other individuals were 
missed. A Wilcoxin signed rank test revealed no significant difference in the 
body size of mature males and females (Z = 0.674, P < 0.50). Geckos were 
found near and away from lights on the walls of Ft. Jefferson, on leaf-litter, 
and on trees near the building. Only one H. garnotii, found on a lighted 
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TABLE 1. Diet of 16 Hemidactylus mabouia collected from Ft. Jefferson, Garden Key, Dry 
Tortugas National Park, Florida, on 17 May 1995. Number of prey are followed in parentheses 
by number of stomachs containing that prey. 


No. prey 
Taxa (no. stomachs with prey) 

Arachnida 

Areneida 1 (1) 

Scorpionida 2 (2) 
Crustacea 

Isopoda 2 (1) 
Insecta 

Coleoptera 7 (5) 

Hemiptera 1 (1) 

Hymenoptera 9 (2) 

Isoptera aah) 

Lepidoptera Di) 

Orthoptera 6 (4) 

Empty 1 (1) 


dock, was observed during that search. No H. mabouia and nine H. garnotii 
were counted on buildings on Loggerhead Key. On 12 September 1995 
numbers of H. mabouia and H. garnotii, respectively, were 24 and two on 
Garden Key and zero and six on Loggerhead Key. 

Hemidactylus mabouia ate a wide variety of hard and soft-bodied prey 
on Ft. Jefferson (Table 1). Of 19 prey for which measurements were pos- 
sible, most prey were small in body length (9.0 + 3.9 mm; range = 6-17; 
N = 19) and width (2.2 + 1.5 mm; range = 1-6; N = 19). Larger prey like 
roaches (Orthoptera) and scorpions (Scorpionida) were present but they 
could not be measured because of their condition. High concentrations in 
stomachs of single taxa, such as termites (Isoptera) and ants (Hymenoptera), 
indicated aggregate feeding. In this sample, beetles (Coleoptera) were very 
numerous both in the total number of prey counted and with reference to 
the number of stomachs in which they were found (Table 1). 

Hemidactylus garnotii has occurred on Garden Key for more than ten 
years (Steiner, 1982), and four specimens were also collected from that key 
in 1983 (Archbold Vertebrate Collections). If those collections and ours rep- 
resent the actual situation on these keys, then H. mabouia is now abundant 
on Garden Key, where it has largely replaced H. garnotii, but has not yet 
reached Loggerhead Key, where H. garnotii is still numerous. Congeneric- 
species replacement occurs in hemidactyline geckos on buildings in southern 
Florida as exemplified by the replacement of H. turcicus by H. garnotii 
(Meshaka, 1994) and H. mabouia (Meshaka et al., 1994a). If competition 
precludes the co-existence of stable populations of more than one hemidac- 
tyline at a time, as suggested by Meshaka and colleagues (1994b), then we 
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predict a dramatic reduction, if not extirpation, of H. garnotii following the 
inevitable colonization of Loggerhead Key by H. mabouia. 
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RELATIVE EFFECTIVENESS OF THREE TYPES OF SMALL 


MAMMAL TRAPS—Gregory D. Balkcom, Philip E. Hale, and A. Sydney 
Johnson, Daniel B. Warnell School of Forest Resources, University of Georgia, 
Athens, Georgia 30602-2152 


ABSTRACT: Three different types of small mammal traps used for a total of 5,940 trap- 
nights each were compared by chi-square analysis for overall sampling effectiveness and for 
species-related differences in captures. Two types of snap traps (museum special and Victor 
mouse) and Sherman live traps were tested. Results indicated differences in trapping success 
for various species among the 3 types, and Victor mouse traps were less effective at sampling 
the small mammal community as a whole. 


TRAPPING is an integral part of most field studies of small mammals and 
therefore the relative effectiveness of different types of traps has broad im- 
plications. Research on the “‘best’”’ capture methods for the small mammal 
community has yielded varied results. Wiener and Smith (1972) reported 
that museum special traps were most effective, but they suggested that var- 
ious methods of capture should be used. Williams and Braun (1983) reported 
that pitfalls were the most effective. Szaro and co-workers (1988) stated that 
neither pitfalls nor live traps were effective at sampling the whole small 
mammal community. Mengak and Guynn (1987) reported that effectiveness 
of various trap types varied with the seasons. 

As a part of a larger study (Balkcom, 1994), we captured small mammals 
with 3 different types of traps in a balanced sampling scheme. Our objective 
here is to report the overall effectiveness of the 3 types of traps, as well as 
their relative effectiveness for individual species. 


STuDyY AREA AND METHODS—This study was conducted at Tall Timbers Research Station 
located in Leon County, Florida, approximately 20 km north of Tallahassee and comprising 
about 1,370 ha. Smith (1980) described the habitat types present. Briefly, loblolly pine (Pinus 
taeda L.) and shortleaf pine (P. echinata Mill.) dominate the upland overstory, and a dense 
groundstory includes native legumes, forbs, and grasses. The dominant groundcover species 
have resulted from many years of annual winter burning. 

Trapping was conducted on 10 areas of 2—5 ha that had similar overstory characteristics. 
Small mammal traps were placed at stations spaced 10 m apart on lines that were = 15 m apart 
and approximately 150 m long. One Sherman live trap, 1 Victor mouse snap trap, and | museum 
special snap trap were placed approximately 1 m apart at each station. The traps were baited 
with a mixture of rolled oats and peanut butter. There was a total of 198 traps in each of the 
10 areas. In each area, traps were set for 3 consecutive nights during each of 3 trapping periods 
(September, February, and September). Five of the areas were sampled during 1991—92 and the 
remaining five areas were sampled during 1992-93. 

Chi-square analysis was used to detect differences in the effectiveness of the different trap 
types based on the number of individuals caught in each type. If chi-square tests rejected the 
null hypothesis that captures were independent of trap type, then a technique described by Neu 
and co-workers (1974) was used to estimate whether individuals were captured more or less 
frequently than expected in each trap type. For all tests, significance was accepted at alpha = 
0.10. 
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TABLE 1. Numbers of individuals of small mammal species captured in 3 types of traps 
(5,940 trap-nights each) at Tall Timbers Research Station, Leon County, Florida. 


Trap type! 
Museum 
Species special Victor Sherman All 

Cotton mouse 

(Peromyscus gossypinus) 56 42— 106+ 204 
Cotton rat 

(Sigmodon hispidus) 36 30 41 107 
Golden mouse 

(Ochrotomys nuttalli) 27+ 21 6— 54 
Least shrew 

(Cryptotis parva) iets 8 De Pay} 
Old field mouse 

(Peromyscus polionotus) 11+ Sian = 19 
Eastern mole 

(Scalopus aquaticus) 1 0) 6) 1 
Harvest mouse 

(Reithrodontomys humulis) 6) 1 0) 1 
House mouse 

(Mus musculus) 0) O 1 1 

Total 148 107— 159 414 

‘Numbers followed by a “+” or a “—” are significantly greater or less (P = 0.10) than the expected 
value (row total + 3). 


RESULTS AND DIsCcUSsION—Traps were set for a total of 17,820 trap- 
nights, and resulted in the capture of 414 individuals of 8 species in the 3 
trap types during 5,940 trap-nights each (Table 1). The overall rate of trap- 
ping success was 2.3%. 

The number of small mammals captured did vary (P = 0.004) by trap 
type (Table 1). Victor mouse traps caught significantly fewer animals than 
expected, but the proportion caught by museum special traps and Sherman 
live traps did not deviate from the expected value. 

Five species had sufficient numbers of captures to be tested for differ- 
ences in vulnerability to type of trap (Table 1). The numbers of cotton mice, 
golden mice, least shrews, and old field mice caught by different traps dif- 
fered significantly (P = 0.001, 0.002, 0.002, and 0.068, respectively). The 
cotton mouse was trapped more often than expected in Sherman live traps 
and less often than expected in Victor mouse traps. The golden mouse, least 
shrew, and old field mouse were trapped more often than expected in mu- 
seum special traps and less often than expected in Sherman live traps; ad- 
ditionally, the old field mouse was captured less often than expected in 
Victor mouse traps. The number of cotton rats caught did not vary signifi- 
cantly (P = 0.427) with trap type. 

Although the total number of small mammals captured did vary by trap 
type, no individual type was the obvious choice for all species. Some species 
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were captured disproportionately in certain trap types. We agree with Wiener 
and Smith (1972) and Mengak and Guynn (1987) that using a variety of 
trap types is the best way to effectively sample entire small mammal com- 
munities. 
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Biological Sciences 


THE EFFECTS OF LIGHT, SOIL DISTURBANCE AND 
PRESENCE OF ORGANIC LITTER ON THE FIELD 
GERMINATION AND SURVIVAL OF THE FLORIDA 
GOLDENASTER, CHRYSOPSIS FLORIDANA SMALL 


BELINDA B. LAMBERT‘! AND ERIC S. MENGES?) 


“Department of Biology, University of South Florida, Tampa, FL. 33620 
Archbold Biological Station, PO Box 2057, Lake Placid, FL 33862 


ABSTRACT: We tested the effects of light levels, ground disturbance and litter layers on 
the seedling emergence of Chrysopsis floridana Small (Asteraceae), a federally endangered 
perennial herb endemic to the scrub communities of west-central Florida. The complete fac- 
torial experiment included 4 replicates and 48,000 seeds. Seedling emergence was favored by 
disturbed soil, by the absence of a litter layer and by their combination. Seedling survival was 
not affected by any treatments. Fire did not affect seed germination or seedling survival, but 
did increase flowering. Two natural populations of C. floridana declined from 1990-92, with 
considerable turnover from both mortality and recruitment. Increasing mortality and variable 
recruitment during this study may be due to lack of fire and continued canopy closure within 
the sand pine scrub habitat. We recommend a prescribed burning program which mimics the 
natural fire regime of the scrub and surrounding habitats, which will provide suitable microsites 
for seed germination and seedling establishment. 


FLORIDA supports 220 endemic plant taxa (Muller et al., 1989; Huck et 
al., 1989) and scrub communities are especially noted for their high rates of 
endemism (Myers, 1990; Christman and Judd, 1990). Florida scrub is broad- 
ly defined as a xeromorphic shrub community dominated by evergreen oaks 
or rosemary, with or without a pine overstory. Scrub soils are extremely 
nutrient poor and well-drained, composed primarily of siliceous sands. Scrub 
in Florida is concentrated in the inland peninsula, the coastal peninsula and 
the coastal panhandle (Myers, 1990). 

Chrysopsis floridana (nomenclature follows Wunderlin, 1982) is endem- 
ic to the sandhill and sand pine scrub communities of west-central Florida. 
For an endemic plant, it is somewhat unusual in that it is not associated 
with the endemic-rich Lake Wales Ridge, but occurs more westerly on lower 
ridges formed during the late Miocene (Tanner, 1992). It historically oc- 
curred on coastal dune systems as well (Ward, 1979). Soil types on which 
C. floridana is found include Archbold fine sands, St. Lucie fine sands, 
Lakewood fine sands, Duette fine sands and Pomello fine sands. These soils 
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are all moderately to excessively well-drained and are commonly associated 
with scrub vegetation (United States Department of Agriculture (USDA), 
197.22 198351989): 

C. floridana is a perennial, suffrutescent herb in the Tribe Astereae of the 
family Asteraceae. Although it was considered synonymous with C. scabrella 
by Cronquist (1980), it has generally been recognized as a distinct species 
(Lakela et al., 1976; Ward, 1979; Semple, 1981; Wunderlin, 1982). Dense, 
silvery-white-pubescent basal rosettes bolt in late summer and flowering oc- 
curs in November—December. Reproduction is primarily by seed although 
vegetative reproduction is possible from short rhizomes. During the first grow- 
ing season a basal rosette is formed; this produces a single shoot with a few 
flowering heads during the second growing season (Ward, 1979; Semple, 
1981; Wunderlin et al., 1981; U.S. Fish and Wildlife Service, 1988). 

C. floridana population sizes range from approximately one to several 
hundreds of individuals (Wunderlin et al., 1981). Only two natural popula- 
tions are currently protected. One population is within the limits of Lake 
Manatee State Recreation Area, and one was recently acquired by Hillsbor- 
ough County for preservation. Most populations occur on private lands sub- 
ject to the adverse impacts of human activity including mowing, dumping, 
vehicular traffic and land clearing (Ward, 1979; Wunderlin et al., 1981; U.S. 
Fish and Wildlife Service, 1988; Lambert, 1993). The last known native 
population in Pinellas County occurred on a single undeveloped lot in a 
residential subdivision and has since succumbed to the effects of grass clip- 
ping and construction debris disposal. C. floridana has also been introduced 
into several protected areas within Hillsborough and Pinellas counties and 
a few of these sites now support mature plants (Lambert, 1993). 

Scrub endemics are being threatened at an intensified rate (Peroni and 
Abrahamson, 1985; Richardson, 1989; Christman and Judd, 1990). C. flor- 
idana is listed as federally endangered (Wood, 1994). The main threat to 
this species is the destruction and disturbance of available habitat. To be 
considered for delisting, 20 geographically distinct self-sustaining popula- 
tions of this species need to be established (U.S. Fish and Wildlife, 1988). 

Relatively little is known about the population dynamics of C. floridana. 
For conservation efforts to be effective, a greater understanding of the bi- 
ology of the species must be gained. Germination and survival data will be 
particularly important since individual plants are short-lived and the perpet- 
uation of the species is dependent on maintaining and founding populations. 

The purpose of this study was to gain insight into the factors affecting 
the germination and survival of C. floridana. Three factors were manipulated 
in the field experiment: light, soil disturbance and organic litter. Open, bare, 
disturbed microhabitats have been shown to favor a number of species (e.g. 
Cheplick and Quinn, 1987; Hamrick and Lee, 1987; Collins and Good, 
1987) including several scrub endemics (Hartnett and Richardson, 1989; 
Menges, 1992; Hawkes and Menges,1995; Menges and Kimmich, in press). 
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We also monitored two natural populations to provide additional insight into 
the population dynamics of the species. 


SITE DESCRIPTIONS—Boyd Hill Nature Park—This park was used for an experimental field 
study on factors influencing seedling emergence. The park is located at the southern end of 
Pinellas County (latitude W27° 45’, longitude N82° 40’, S1 T32S R16E). Its 87 hectares contain 
a diversity of habitats such as mixed hardwood swamp, cattail and willow marsh, pine flat- 
woods, oak hammock and sand pine scrub. The sand pine scrub area (approximately 10 hec- 
tares) is accessible by bicycle path and is in a comparatively remote section of the park. The 
soils in this area are classified as Astatula fine sands which are yellow sands (USDA, 1972), 
as compared to the white to light gray sands found elsewhere supporting C. floridana (USDA, 
1983; 1989). Vegetation in this area consists primarily of Quercus geminata with an occasional 
Pinus palustris or P. clausa in the overstory; a shrub layer of Serenoa repens, Befaria racemosa 
and Asimina reticulata; and an herbaceous layer of Bigelowii nuttallii, Aristida stricta, Dalea 
feayi and Carphephorus corymbosus. This is similar to the vegetation of sites supporting C. 
floridana. No natural populations of C. floridana are known from Boyd Hill. Prior to the onset 
of this study, the area had been burned twice in recent previous years: in the late summer of 
1977 and in the spring of 1986. 


Lake Manatee State Recreation Area—This site contains the natural study populations of 
C. floridana. This 225 hectare preserve area (latitude W27° 29’, longitude N82° 20’, Sections 
31&32 of T34S, R20E) contains mesic flatwoods, sand pine scrub, sandhill and hardwood 
hammock habitats. C. floridana occurs in the eastern part of the park within a sand pine scrub. 
The soils in the area supporting C. floridana are Pomello fine sands bordered by Duette fine 
sands; both are described as nearly level moderately drained white or light gray soils suitable 
for sand pine scrub (USDA, 1983). Vegetation in the area supporting C. floridana Population 
1 consists of a dense overstory of Pinus clausa; a shrub layer of Befaria racemosa, Serenoa 
repens, Quercus geminata and Lyonia lucida; little herbaceous material; and a ground cover of 
various lichens. Vegetation in the area of Population 2 consists of a canopy of scattered Quercus 
geminata; a shrub layer of Befaria racemosa, Serenoa repens and Vaccinium arboreum; and a 
sparse herbaceous layer of Aristida sp. 


Shadow Run—This site supports a C. floridana population that provided seeds for the 
experiment. It is a large residential subdivision located southeast of Riverview in Hillsborough 
County, Florida (latitude W27°52’, longitude N82°19’, S27 T30S R20E). The soils in this site 
are composed of Archbold fine sands (USDA, 1989). Vegetation consists of Quercus geminata, 
Q. myrtifolia, Q. chapmanii and Lyonia lucida where an overstory is present, with little or no 
ground cover. Most C. floridana plants are concentrated in an open edge community dominated 
by Pityopsis graminifolia, Polygonella ciliata, Aristida stricta and A. condensata (Wunderlin 
et al., 1981). 


METHODS—Field seedling emergence experiment—The treatments selected for determi- 
nation of their effects on seedling emergence of C. floridana were: (1) shade, i.e., percent 
available sunlight: full sun, 30% shade, 50% shade; (2) organic litter layer: absent vs. present; 
and (3) soil surface treatment: undisturbed vs. disturbed. This resulted in a total of twelve (12) 
treatment combinations to be tested in a 3X2X2 factorial in a randomized complete block 
design. Treatments were originally applied to 5 replicates (blocks) of fixed 1-m? quadrats. Into 
each quadrat, 1000 hand-counted C. floridana seeds were distributed. 

Treatment levels to test the effect of light levels were: full sun, 30% opacity shadecloth, 
and 50% opacity shadecloth. The shadecloth was stapled onto a 1-m? wooden frame supported 
by 1” X 2” X 12” pressure-treated pine stakes driven approximately 4” into the ground at the 
corner points of each quadrat. 

All quadrats were located in bare or nearly bare sand conditions (litter absent treatment). 
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For the litter layer treatment, we added 1—2 cm of nearby dead vegetation and yard litter 
composed largely of Quercus laurifolia leaves and Pinus palustris needles. This litter layer was 
added again, approximately 10 to 12 months later, to quadrats in which the organic layer had 
largely decomposed. The soil disturbance treatment (disturbed quadrats) consisted of light rak- 
ing of the soil surface after the seeds had been distributed. Raking was done immediately after 
seed distribution and was not repeated. A rain gauge (127 mm capacity) was post-mounted in 
the study area. Rain volumes were recorded during regular monitoring trips. 

Seeds were distributed in the fixed quadrats on January 27, 1990. Monitoring occurred 
biweekly from January 27, 1990 through April 21, 1990 and every four weeks from that date 
until the experiment was terminated on December 14, 1991. A 1-m* wooden frame divided into 
1-dm? grids by monofilament line was used to map seedlings and colored toothpicks were used 
to mark locations. 

On February 11, 1991, approximately midway through the experiment, a prescribed burn 
conducted by the staff of Boyd Hill Nature Park affected portions of the study site. It passed 
through replicates 2, 4 and 5. The burn was a fast cool fire which did not open the cones of 
the sand pines (Pinus clausa) within its path (Arnold, 1991). Wilcoxon’s Signed Rank Test 
(alpha = 0.05) was performed on the data for the time period from February 11, 1991 to the 
conclusion of the study to ascertain any fire effects. 

Of the five replicate plots at Boyd Hill Nature Park, two were visible from the bike path 
which bisects the study area. Replicate 2 was repeatedly vandalized by apparent use of the 
shade frames as trampolines. Data from this replicate were discarded due to the impacts of the 
increased traffic and ground disturbance associated with the vandalism. Data from the remaining 
four replicates were analyzed using ANOVA. Survival for quadrats in which seedlings had 
germinated was compared using Wilcoxon’s Signed Rank Test. 

The site was revisited on November 26, 1992, approximately one year following the 
termination of the experimental treatments. Although shade frames had been removed, the 
corner stakes delineating the sample quadrats remained intact. We counted surviving plants 
within each quadrat. 


Population monitoring—Fixed quadrats were also established within two existing C. flor- 
idana populations at Lake Manatee State Recreation Area on December 15, 1989. Population 
1 (quadrats 1-10) was an area of high plant density, while Population 2 (quadrats 11—15) 
contained sparse plants and was located approximately 1.6 km away. Twelve of the fifteen 
quadrats were located so that they contained one or more mature C. floridana plants; the 
remaining three were located 1-3 m from a mature plant but contained no plants. In each 
quadrat the location of all plants was mapped in the same manner as the germination experi- 
ment, each plant was identified as either small (less than 5 leaves) or large, and the number of 
flowering stems was counted. We could not differentiate true seedlings from vegetatively pro- 
duced ramets without potential harm to the plant. All fifteen quadrats were monitored on the 
same schedule as the replicates at Boyd Hill Nature Park. 


RESULTS—Field seedling emergence experiment—Prescribed burn—A 
comparison of the unburned replicates 1 and 3 to the burned replicates 4 
and 5 at Boyd Hill revealed no significant difference in the number of emer- 
gent seedlings, in the number of surviving seedlings, or in the mortality rate 
between the two groups (Wilcoxon’s Signed Rank Test, p > 0.05). Therefore, 
the burn treatment was ignored in the analysis of main treatment effects on 
seed germination and seedling survival. 


Seedling emergence—Of the 48,000 seeds available for germination with- 
in the four replicates, a total of 232 (0.5%) emerged during the course of the 


No. 2 1996] LAMBERT AND MENGES—FLORIDA GOLDENASTER SURVIVAL 125 


q 


i] 
1 


x ~ 
COCCI 


0) 
Oo) 
— 
® 
= 
® 
O 
— 
2) 
Oo) 
= 
1) 
®O 
<0) 
49) 
i 
O 
Seem 
oO 
£9) 
S 
=) 
= 


le ca ran Wo fr pA aoe aa 


GTUMMMMDEPLMEME AMD 


! 
a SALAMI AA MLDESASLLALAAD AG he SNIRLIY 


2/10/ 2/16/ 
3/10/90 5/19/90 9/8/80 12/27/90 4/13/91 8/3/91 11/23/91 


Monitoring Date 


Replicate #1 J Replicate #3 2224 Replicate #4 FFF] Replicate #5 


ass 


Fic. 1. Number of seedlings to germinate listed by date of monitoring event for each of 
four replicates, Boyd Hill Nature Park. A total of 48,000 seeds were sown; the total of 232 
represents a 0.5% germination rate. 


experiment (January 27, 1990—December 14, 1991). The great majority of the 
seeds (86.6%) germinated during the second spring, between the dates of 
March 16, 1991 and June 8, 1991, with all replicates showing a similar pattern 
(Figure 1). Seedling emergence was significantly greater for litter layer absent 
(176) vs. litter layer present (56); for disturbed soils (162) vs. undisturbed 
soils (70); and for the combination of disturbed soils with litter layer absent 
(144) vs. any other combination of these two factors (Figure 2, Tables 1—2). 
Light levels had no effect. The significant litter by disturbance interaction (BC 
in Table 3) indicates a greater than additive effect; the combination of litter 
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TABLE 1. ANOVA for seedling emergence within 4 replicates of 12 treatment combina- 


* 


tions. 


Source 


Blocks 
Treatments 


Error 


Total 


df 


indicates significance at p < 0.05. 


SS MS Brae Fig 

242.1667 80.7222 SP SV? 2.89 

1207.1667 109.7424 *4 4527 2.10 
813.3333 24.6464 


2262.6667 
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TaBLE 2. ANOVA for data on seedling emergence (Figure 2). A = light levels, B = 
disturbance conditions and C = litter condition. * indicates significance at p < 0.05. 


Source df SS MS ee Ree 
Blocks 3 242.1667 80.7222 2B) fay 2.89 
A 2 66.2917 33.1459 1.3449 3.29 
B 1 176.3334 176.3334 *7.1545 4.14 
Cc 1 300.0000 300.0000 Dal 22 4.14 
AB 2 126.2916 63.1458 2.5621 3.29 
AC 2 142.8750 71.4375 2.8985 3.29 
BC 1 363.0000 363.0000 *14.7283 4.14 
ABC 2 32.3750 16.1875 0.6568 3.29 
Error 33 813.3333 24.6464 
Total 47 2262.6667 


absent and soil disturbance has a greater positive effect on seedling emergence 
than predictable from either factor alone. 


Seedling survival—A total of 84 of the 232 emergent seedlings (36.2%) 
survived between | and 19 months until the time the experiment was ter- 
minated on December 14, 1991. Percentage survival did not vary signifi- 
cantly among treatments (Table 3) as determined by Wilcoxon’s Signed Rank 
Test, p > 0.05 (Most quadrats had no seedlings germinated, which greatly 
reduced the available degrees of freedom). Survival rates were very similar 
for disturbed quadrats (35.8%) vs. undisturbed quadrats (37.1%). Survival 
rates increased nonsignificantly with increasing light levels: 50% shade 
yielded 21.8% survival, 30% shade yielded 31.7% survival, and full sun 
yielded 52.6% survival. Survival also seemed to be favored by the absence 
of a litter layer: litter layer present yielded 26.8% survival while litter absent 
yielded 39.2% survival. The combination of full sun conditions, litter absent 
and disturbed soils yielded the highest survival rate of any of the combi- 
nations (67.6%). 

A total of 148 of the 232 seedlings died before the conclusion of the 
experiment. Survival was lowest during the late summer and early fall, as 
91.2% of the seedling total mortality occurred between the dates of June 8, 


TABLE 3. Percent survival of C. floridana seedlings for each of three light levels, in 
disturbed and undisturbed soils, with a litter layer present or absent. 


Light level Litter layer Disturbed Undisturbed Total 
Full sun Litter absent 67.6 58.3 65.3 
Litter present 20.0 31.8 29.6 
30% shade Litter absent 29.9 3:9 3353 
Litter present 14.3 25.0 18.2 
50% shade Litter absent 20.0 14.3 18.9 


Litter present 3353 25.0 27.8 
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Fic. 3. Number of seedlings to have died by date of monitoring for each of four repli- 
cates, Boyd Hill. 


1991 and October 26, 1991 (Figure 3); the peak rate occurring July 4, 1991 
at 24.3%. This is the period of greatest rainfall; however, it followed a 
serious drought (April 3, 1991 to May 11, 1991). A total of 86 plants were 
alive one year after the experiment had been terminated. At least twelve 
(12) additional seedlings emerged during the year following removal of the 
shade frames. 

All of the flowering plants were found within replicates subjected to the 
prescribed burn. The actual number of flowering plants was not determined 
and thus no statistical comparison was made; future research in this area is 
suggested. 
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Fic. 4. Total number of existing plants, by date of monitoring event, for Population 1 
(quadrats 1-10) and Population 2 (quadrats 11-15) at Lake Manatee State Recreation Area. 


Population dynamics—Overall population size at Lake Manatee State 
Recreation Area was 118 in February 1990, at the onset of the experiment. 
It gradually climbed to a peak (178) in November of 1990, declined slightly 
during the winter months (165), began increasing again during the spring 
for a second peak (185) in the summer of 1991, and then began to decrease 
slightly again in the winter (154) (Figure 4). Population size continued to 
decline to 154 in December of 1991 and to 90 in November of 1992 for a 
total decline of 45.5% over a two-year period. 

Recruitment of seedling and new vegetative ramets occurred continu- 
ously, with maximum recruitment preceding highest total population levels 
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Fic. 5. Seedlings and new vegetative ramet recruitment, by date of monitoring event for 
Population 1 (quadrats 1-10) and Population 2 (quadrats 11-15) at Lake Manatee State Rec- 
reation Area. 


by approximately 3—5 months and recruitment lowest during the winter 
months (Figure 5). Periods of maximum recruitment varied between 1990 
(June—July) and 1991 (March). Seedling recruitment decreased 29.9% from 
1990 (117) to 1991 (82). 

Plant mortality occurred continuously, with several distinct peaks (rang- 
ing from 8.3% in May 1990 to 7.3% in December 1990 and to 6.9% in 
December 1991; Figure 6). The peak in December 1990 corresponded to an 
overall population drop; however, the other two peaks were largely offset 
by seedling recruitment. Annual plant mortality increased 32.9% from the 
first to the second calendar year. 
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Fic. 6. Number of plants to have died, by date of monitoring event, for Population 1 
(quadrats 1-10) and Population 2 (quadrats 11-15) at Lake Manatee State Recreation Area. 


There was a negative trend in reproductive output from 1989 through 
1991, with 34 flowering heads produced in 1989, 8 in 1990 and none in 
1991. The population did make a noticeable comeback in 1992 with a total 
of 10 flowering heads produced within the study quadrats. 


DIscUssION—Germination—Chrysopsis floridana seeds are viable for a 
minimum of three growing seasons. At Boyd Hill, the large majority of the 
seedlings emerged during the second growing season, but at least twelve 
additional seedlings emerged during the third year. However, previous ex-situ 
germination experiments (Lambert, 1993) suggest that C. floridana seeds are 
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capable of germinating at time of maturity. They may then enter a dormant 
state until specific environmental factors cue them to break that dormancy. 

Most C. floridana seedlings emerged in the spring. Other polycarpic pe- 
rennials germinating in the spring have been shown to be dormant or con- 
ditionally dormant at times of maturity and to require low winter temperatures 
for after-ripening (Baskin and Baskin, 1988). This would be consistent with 
the patterns observed in the field seedling emergence experiment, in which 
most of the seeds germinated during the spring, more than a year after initial 
sowing. There is no correlation between the geographic range of a species 
and its dormancy breaking requirements. Within a genus, seeds of widespread 
and narrowly endemic species behave similarly (Baskin and Baskin, 1988; 
Probert, 1992). Thus the particular germination characteristics of C. floridana 
are not likely to be related to its restricted occurrence. 

Seedling emergence was favored by both bare and disturbed soils; par- 
ticularly their combination. Disturbance is important for regeneration in 
many species (Parker et al., 1989) and many rare scrub endemics in partic- 
ular are associated with mechanical disturbances to the soil such as fire plow 
lines, permanent fire breaks, sand roads, storm blowouts, gopher tortoise 
burrows, etc. (Hartnett and Richardson, 1989; Myers, 1990; Menges, 1992; 
Hawkes and Menges, 1995). Disturbance may favor germination by provid- 
ing the appropriate conditions to break dormancy or by burying seeds at 
appropriate depths. At Lake Manatee State Recreation Area, the disturbed, 
bare soils produced by a new ant mound supported the establishment of 
three new seedlings. Armadillo rootings had effects similar to those of the 
ants by both causing mortality and seedling establishment through their soil 
disturbing efforts. In the seedling emergence experiment, disturbance oc- 
curred in the form of raking immediately after the seeds were sown. There 
was no seed bank of C. floridana seeds in the experiment site, nor were the 
seeds in the dormant state at the time they were sown. The function of 
disturbance in the factorial experiment may have been to bury the seeds at 
a depth suitable for either immediate germination or extended viability in a 
dormant state. 

The particular depth requirements of buried seeds is a facet of seed bank 
dynamics about which relatively little is known (Parker et al., 1989). Studies 
done to date indicate that most seedlings germinate from the depths no 
greater than 5 cm below the soil surface (Archibold, 1989); the raking would 
correspond to the top O to 3 cm and thus is within known optimal ranges. 
It is also possible that the disturbance triggered a release of nitrates within 
the soils by stimulating microflora responsible for nitrification (St. John, 
1987), which stimulate germination when present in the range of 0 to 0.05 
mol/l (Karssen and Hilhorst, 1992). 

The absence of litter is commonly associated with greater germination 
success. Plant canopy and standing or fallen litter are generally considered 
the major factors inhibiting recruitment from a given seed bank (van der 
Valk and Pederson, 1989). The lightweight seeds of C. floridana would not 
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easily penetrate litter layers. The presence of litter also may have some 
allelopathic effect caused by its leachate and which would inhibit seed ger- 
mination (Richardson, 1985; Keddy et al., 1989; Williamson, 1990; Karssen 
and Hilhorst, 1992). 

Unexpectedly, shading had no effect on the germination of C. floridana 
at the levels tested. Leaf-filtered sunlight is known to inhibit the germination 
of non-dormant seeds of some species (Baskin and Baskin, 1989; Gutterman, 
1992; Pons, 1992). Shading at levels greater than 50% may be required 
before this inhibition occurs. 


Seedling survival—In the absence of litter and in high light levels, seed- 
ling survival was nonsignificantly higher. Light availability also is frequently 
considered an indirect measure of reduced plant competition (Pons, 1992), 
and thus the advantage it often confers to plant growth may actually be 
caused by the decrease in competition for water and nutrients with associated 
species. Bare soils had higher seedling survival, although results were not 
significant. Bare soils, with their lack of an organic layer or fibrous root 
zone, would facilitate penetration by young developing roots. 

The prescribed burn that was conducted approximately midway through 
the experiment had no significant effect on seedling emergence or survi- 
vorship during the course of the experiment. However, fire appeared to pro- 
mote flowering, as all 1992 flowers were from plants in burned quadrats. A 
higher number of confirmable new seedlings (10 out of 12) from the year 
following the experiment (1992) was also from the burned quadrats. It is 
commonly held that by releasing nutrients and by reducing competing veg- 
etation, fire increases a site’s suitability for colonizing species such as C. 
floridana (Gates and Tanner, 1988; Archibold, 1989; Parker and Kelly, 
1989). Fire increases seed production (Hartnett and Richardson, 1989) and, 
depending on season of occurrence, triggers flowering for some species 
(Gates and Tanner, 1988). This would merit further examination with respect 
to C. floridana. 


Population dynamics—The overall trend for the extant population(s) at 
Lake Manatee during this study was one of decline. Most population param- 
eters monitored (i.e., number of flowering stems, seedling emergence, plant 
mortality and total population size) trended downward. Whether or not it is 
a permanent decline or merely a low point in a cyclical or chaotic pattern 
was not apparent. 

Lack of disturbed microsites may help explain the decline. Since bare 
soils increase seedling emergence, long-unburned sand pine scrub with a 
relatively deep litter layer (1.0 cm) may inhibit germination. C. floridana is 
likely to have a significant soil seed bank reserve which is dependent on 
periodic disturbances such as fire to create the microhabitat requirements 
suitable for germination and growth. 

Plants surviving in the shade at Lake Manatee were clearly morpholog- 
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ically different from open-growth plants at Shadow Run. The plants at Lake 
Manatee were 0.2 to 0.4 dm tall (vs. 0.5 to 0.8 dm at Shadow Run), generally 
had only a single decumbent flowering spike (vs. many) and had fewer 
leaves. Most new plants were vegetatively-produced ramets. The stress in- 
duced by the low light conditions could have caused the shift to vegetative 
reproduction (Chiariello and Gulman, 1991) as well as a wide variety of 
negative effects on the growth and sexual reproduction of C. floridana 
(Chapin, 1991, Chiariello and Gulman, 1991). Herbivory was also obvious 
at Lake Manatee; the stems of many of the plants were bitten off prior to 
inflorescence development. All 1991 flowering stems had been clipped by 
herbivores, possibly rabbits. 

Dispersal may also be limited in fire-suppressed sites. The seed form of 
C. floridana is that of a mass attached to a parachute which would enable 
it to be dragged along the ground or lifted up into the air and carried by the 
wind (Burrows, 1986; Willson, 1992). Wind dispersal, however, is suited to 
open areas and is only minimally effective in closed canopied systems (Bur- 
rows, 1986). In the three quadrats lacking C. floridana, only one seedling 
recruited from a distance of 1-3 m. Otherwise, seedling recruitment was 
restricted to the area directly around and beneath the flowering plants. Poor 
dispersal may limit the spread of C. floridana at Lake Manatee State Rec- 
reation Area. 

Subsequent observations (spring 1995) indicate this population appears 
to have recovered from the decline and has shifted its location within the 
study area. 


Conservation and management recommendations—Efforts to protect C. 
floridana should thus be targeted towards preservation of a number of scrub 
communities within its known range of distribution. Several new populations 
have been discovered in recent years (Heath, 1988); protection of suitable 
habitats may lead to further discoveries or provide for the natural immigra- 
tion of the species. 

Management for populations of C. floridana within these sites should 
include prescribed burning of its scrub sites and bordering sandhill and flat- 
woods communities. Scrub burns catastrophically with a frequency of some- 
where between every ten and one hundred years, while sandhill has more 
frequent less intense fires from one to ten years apart (Myers, 1990). Pre- 
scribed burning should mimic the natural cycle of the ecosystem being man- 
aged, with frequent burns in transitional or sandhill areas and burns every 
ten years or more for scrub portions. Timing of the burn is also critical 
(Boyd, 1987; Gates and Tanner, 1988; Parker et al., 1989). The historic burn 
pattern in both scrub and sandhill is tied to lightning-generated late spring 
and summer fires ( Florida Chapter Soil and Water Conservation Society, 
1989; Webb, 1990; Florida Natural Areas Inventory and Florida Department 
of Natural Resources, 1990; Myers, 1990). Burning in the late spring or 
summer will occur after C. floridana seeds have been dispersed, and while 
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plants are in the rosette stage. Variation in the timing and frequency should 
also be provided. 

Alternatives or additions to burning, which include broad-scale cutting, 
scraping and chopping (Myers, 1990), would also need to be performed in 
a patchy manner to provide a variety of conditions within the protected area. 
Mechanical treatments can help create bare soil conditions that promote 
open-site plants (Greenberg et al., 1995). Simple raking, as conducted in the 
factorial experiment, may also be beneficial. While the factorial experiment 
did show mechanical disturbances to be beneficial in seedling emergence, 
these alone would not provide the bare soil conditions also favored. 

Thus a program of infrequent (greater than ten years) spring and summer 
burns in conjunction with periodic mechanical disturbance at the time of 
seedfall (in late winter or early spring) for large scrub areas containing C. 
floridana is recommended. Surrounding sandhill or flatwoods areas should 
be burned more frequently (every two to five years) primarily during the 
summer, but with occasional variation. 
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OUTSTANDING STUDENT PAPER AWARDS 


Florida Academy of Sciences 
1995 Annual Meeting 


AGRICULTURAL SCIENCES 


Erin Rosskopf, Department of Plant Pathology, University of Florida, ““A Potential My- 
coherbicide for Pigweed.’’ Graduate Co-Award. 

James Gaffney, Department of Agronomy, University of Florida, ‘‘Apical Dominance in 
Congograss (Imperata cylindrica).”’ Graduate Co-Award. 

Dereo Maycock, Food Science Production, Florida A&M University, “Senior Evaluation 
of MRE Meatballs.”” Graduate Co-Award. 

Gilbert Queeley, Division of Agricultural Sciences, Florida A&M University, “The Pi- 
geon Pea (Cajanus cajan): An Alternative Sustainable Vegetable Crop for North Florida.” 
Graduate Honorable Mention. 


ANTHROPOLOGICAL SCIENCES 


Rosemarie Lamm, Department of Applied Anthropology, University of South Florida, 
“Transcultural Study of the Association between Depression, Chronic IIness, and Health Cul- 
ture Among the Elderly in Three Communities.’’ Graduate Award. 

Sharon Hodges, Department of Anthropology, University of South Florida, “Letting Your 
Hair Down: Work and Gender Relations at a Hair Salon.’’ Graduate Honorable Mention. 

Virgil Beasley, University of Central Florida, ‘‘Prehistoric Site Distribution in the St. 
John’s River Offset and Related Areas: A Spatial, Temporal, and Cultural View.”’ Undergraduate 
Award (J. Raymond Williams Award). 


BIOLOGICAL SCIENCES 


Don Drake, University of Tampa, ““Brood Release, Post-marsupial Growth and Molting, 
and the Development of Secondary Characteristics of Bowmaniella brasiliensis (Crustacea: 
Mysidacea).”’ Undergraduate Co-Award. 

Jon Longhurst, Department of Biology, University of Central Florida, “‘Preliminary Sur- 
vey of Insects in Spear’s Scrub, Rock Springs Run State Reserve, Orange County, Florida.” 
Undergraduate Co-Award. 

Elena Amesbury, Department of Biology, University of Central Florida, ““Spine Replace- 
ment in a Freshwater Population of the Stingray, Dasyatis sabina.”’ Graduate Award. 


ENVIRONMENTAL CHEMISTRY AND CHEMICAL SCIENCES 


Vicki Prindle, Department of Chemistry, University of South Florida, ““An Investigation 
of the Allelopathic Properties of Cattails (Typha domingensis) in Hillsborough County, Florida.” 
Graduate Co-Award. 

Mitchell Katz, Department of Chemistry, University of South Florida, “‘Development and 
Application of an Analytical Method for Nitrates, Nitrites, and Nitrosamines in Foods, Drinks, 
Cosmetics, and Physiological Fluids.”’ Graduate Co-Award. 

Kristofor Ingeneri, Department of Chemistry, University of South Florida, “‘Evaluation 
of a Potential /n Situ Remediation of Sediment Contamination in Palm River.” Undergraduate 
Award. 


GEOLOGICAL AND HYDROLOGICAL SCIENCES 
L.A. Guertin, University of Miami (RSMAS), “‘Biostratigraphic Indicates for Timing 
Siliciclastic Deposition, Florida Keys,’ Outstanding Student Paper Award. 
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PHYSICS AND SPACE SCIENCES 


Robert Friedfeld, Department of Physics and Space Sciences, Florida Institute of Tech- 
nology, “Scanning Tunneling Microscopy of Electrodeposited Multilayered Photovoltaic Ma- 
terials.’ Graduate Award. 

Redina Herman, Florida Institute of Technology, ““The Upper Atmospheric Research 
Collaboratory: Allsky Camera Studies.”” Undergraduate Co-Award. 

Aaron Landerville, Science Department, Hillsborough Community College, “‘Moving 
Charged Capacitors.”” Undergraduate Co-Award. 


RARE AND ENDANGERED BIOTA (FLORIDA COMMITTEE ON RARE AND ENDANGERED PLANTS AND 
ANIMALS) 


Shannon Boyle, Department of Biology, Florida Institute of Technology, ““The Effects of 
Fragmentation and Fire Suppression on Scrub Habitat and Scrub Jays: Brevard County, Florida, 
as a Case Study.’ Graduate Co-Award. 

Karen Root, Department of Biology, Florida Institute of Technology, ““What Are the 
Population Consequences of Florida Scrub Jays in Proposed Reserve Designs in Brevard Coun- 
ty, Florida?” Graduate Co-Award. 

Joseph Hibler, Barry University, “Temperature Dependent Emergence and Social Behav- 
ior in Loggerhead Sea Turtle (Caretta caretta) Hatchlings. Undergraduate Award. 


SCIENCE TEACHING 


Ronald Edwards, Department of Zoology, University of Florida, “‘How Grant Overhead 
Funding Determines Scientific Theory Practice and Education.’ Graduate Co-Award. 

Christine Flowers, Department of Biology, University of Central Florida, ““Use of Mul- 
timedia to Present the Concept of Evolution.’* Graduate Co-Award. 

John Kline, Physics Department, University of South Florida, “‘Computer Simulation of 
Gamma Ray Absorption Experiment.’” Undergraduate Award. 


URBAN AND REGIONAL PLANNING 


Denise Rocus, Florida International University, ““Applications of Graphical Models for 
Wetland Conservation.” Outstanding Student Paper Award. 


SPECIAL AWARDS 


AMERICAN ASSOCIATION OF THE ADVANCEMENT OF SCIENCE (AAAS) AWARD UNDERGRADUATE 
AWARDEES 

Lori Benson, University of Tampa, “Feeding Ecology of Sphaeroma terebrans.” Female 
Nominee. 

Joseph Hibler, Barry University, ‘Temperature Dependent Emergence and Social Behav- 
ior in Loggerhead Sea Turtle (Caretta caretta) Hatchlings. Male Nominee. 


CENTRAL FLORIDA CHAPTER, THE EXPLORERS CLUB AWARD 


Virgil Beasley, University of Central Florida, “Prehistoric Site Distribution in the St. 
John’s River Offset and Related Areas: A Spatial, Temporal, and Cultural View.” 


FLORIDA INSTITUTE OF TECHNOLOGY CHAPTER, SIGMA XI AWARD 


Shannon Boyle, Department of Biology, Florida Institute of Technology, ““The Effects of 
Fragmentation and Fire Suppression on Scrub Habitat and Scrub Jays: Brevard County, Florida, 
as a Case Study.” 


UNIVERSITY OF FLORIDA CHAPTER, SIGMA XI AWARD 


Erin Rosskopf, Department of Plant Pathology, University of Florida, ““A Potential My- 
coherbicide for Pigweed.” 
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VICE ADMIRAL WILLIAM W. BEHRENS, JR./FLORIDA INSTITUTE OF OCEANOGRAPHY AWARD 


Joan Herrera, University of Florida, “‘Diversity of Energetic Strategies Among Echinoid 
Larvae and the Transition from Feeding to Nonfeeding Development.” 


—Carl] Luer, Awards Committee, Mote Marine Laboratory, Satasota, FL 
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CONTAMINATION OF LIMNETIC SEDIMENTS IN 
COELIBR® COUNTY. 1991 


STEPHEN A. GRABE 


10103 Sherwood Lane #5, Riverview, FL 33569 


ABSTRACT: Sediment contamination in freshwater systems of Collier County was investi- 
gated during April and August-September 1991 as a step towards developing baseline data on 
sediment quality and identify contaminated sites. Variables included total organic carbon, a 
suite of trace metals, organochlorine pesticides, and polycyclic aromatic hydrocarbons [PAH]. 
Anthropogenic enrichment of sediments by cadmium, copper, lead, and zinc was identified. The 
likelihood of biological perturbation by contaminants was also examined. The likelihood of 
biological impacts from trace metals was generally low. Pesticides were detected in >40% of 
the samples and at >50% of the stations during 1991. Chlordane and d-HCH were detected 
at the highest concentrations reported to date in Florida. PAH’s were detected at extremely 
high concentrations (>20,000 ppb) in the Gordon River watershed. There was a high likelihood 
of biological effects due to contamination by chlordane at one location and by PAH’s at two 
locations. 


TRACE metals, organochlorine pesticides, and hydrocarbons are among 
the major contaminants of waterways and the sources of this contamination 
are primarily non-point source runoff (USEPA, 1987; Baudo and Muntau, 
1990; Fowler, 1990). Identification of such contamination is generally facil- 
itated by monitoring sediments rather than the water column, where contam- 
inant concentrations are generally lower (Fowler, 1990; Luoma, 1990). The 
high affinity of such contaminants for fine-grained sediment particles 
(<0.064 mm; NOAA, 1988) which settle out of the water column to become 
part of the sedimentary milieu make aquatic sediments an attractive com- 
partment in which to monitor contamination (Fowler, 1990; Luoma, 1990). 

Collier County is the second largest county in Florida (5.7 * 10° km7?). 
Rainfall averages approximately 130 cm year and 60—65% of this falls dur- 
ing June through August (Carter et al., 1973). Wetlands constitute 69% of 
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Fic. 1. Location of sampling stations for limnetic sediments in Collier County, Florida, 
1991. 


the county and this acreage is greater than that of any other county bordering 
the Gulf of Mexico (Reyer et al., 1988). 

Man has extensively modified these wetlands by constructing almost 500 
km of drainage canals. These canals have altered drainage patterns from 
relatively slow moving “‘sheet-flow”’, which facilitates removal of contam- 
inants from the water column, to more of a “point source” discharge, with 
a comparatively shorter residence time, before discharge to the Gulf. 

Western Collier County has been extensively developed and the majority 
of residents live within this zone. Agriculture is primarily centered around 
Immokalee (Fig. 1). Of the 2.4 < 10° km? estimated to be in agricultural 
use in 1982 (Pait et al., 1989), 91% was pasture and rangeland; only 1% 
was devoted to citrus, but this is increasing. Approximately 149,000 kg of 
pesticides are estimated to have been applied in the Ten Thousand Islands 
estuarine drainage (i.e., Collier County) during 1982 (Pait et al., 1989). 

Historical studies of sediment chemistry in the County’s inland waters 
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date back to at least the early 1970’s. These include Harriss and co-workers’ 
(1971) study of metal contamination of the agricultural areas from Immo- 
kalee south to Chokoloskee Bay and that of the USEPA in the vicinity of 
Fakahatchee Strand State Preserve (Carter et al., 1973). Of note was that 
metal concentrations tended to decrease with distance from Immokalee (Har- 
riss et al., 1971) and that lead concentrations were extremely high (>1,000 
ppm) along US Highway 41 (Carter et al., 1973). Carter and co-workers 
(1973) also found DDT and its metabolites in very high (up to 160 ppb) 
concentrations along SR 29 and those found along what is now Interstate 
75 were high enough to warrant concern under current guidelines (cf. Long 
and Morgan, 1990). 

This study was a continuation of work undertaken by the Collier County 
Pollution Control Department in 1989 and 1990. The objective was to char- 
acterize the sediment quality of Collier County’s limnetic waterways. This 
effort was integrated with both a limnetic water quality monitoring program 
and companion water and sediment quality programs for Collier County’s 
estuarine system. The South Florida Water Management District provided 
the financial support for the 1991 program. 


METHODS—Sediments were collected at between 23 (April) and 25 stations (August—Sep- 
tember) during 1991 (Fig. 1). Samples were collected with a stainless steel Ponar grab sampler 
(cleaned with pesticide grade isopropanol), emptied into a stainless steel pan and thoroughly 
mixed with a stainless steel spoon (USEPA, 1986a). Samples were stored in glass jars and 
shipped, on ice, to a commercial laboratory. The sampler, pan, and spatula were each rinsed 
with isopropanol prior to sampling at each station. Two field “‘replicates’’ were collected at 
each site on each date. 

Total organic carbon [TOC] was analyzed via a modified chemical oxygen demand analysis 
(Ballinger and McKee, 1971). Metal samples were digested with nitric acid (USEPA, 1986b) 
and then analyzed using USEPA (1986b) methods 7020 (aluminum), 7060 (arsenic), 7131 
(cadmium), 7191 (chromium), 7210 (copper), 7421 (lead), 7760 (silver), and 7950 (zinc). Or- 
ganochlorine pesticide residues were analyzed by Method 8080 and polycyclic aromatic hydro- 
carbons [PAH] were analyzed by Method 8100 (USEPA, 1986b). All analyses were performed 
by a laboratory with a Quality Assurance/Quality Control Plan approved by the Florida De- 
partment of Environmental Protection [FDEP]. 

Analysis of variance [ANOVA] (Sokal and Rohlf, 1981) was used to test for the equality 
of mean TOC and metal concentrations (Ln n+1 ppm transformed) during 1991 by sample 
period (“‘dry” [April] vs. ““wet’’ [August-September] season), station, and the station by sample 
period interaction. Anthropogenic enrichment by metals was identified by the metal/aluminum 
relationship proposed for uncontaminated estuarine/coastal sediments in Florida (Schropp et al., 
1990). Note that the recommended methodology for the aluminum standardization is a total 
digestion using hydrofluoric, nitric, and perchloric acids (FDEP, 1994). The use of a nitric acid 
digestion may underestimate metal concentrations. 

Bivariate plots of metal vs. aluminum concentrations followed Schropp and co-workers 
(1990), with the 95% confidence intervals derived from their estuarine/coastal data delimiting 
“background”. Metal concentrations lie above the upper confidence band in enriched sediments 
and within the band in unenriched sediments. Values falling below the lower confidence interval 
may represent laboratory errors (Schropp et al., 1990). 

The validity of the metal/aluminum ratio for identifying anthropogenically enriched lim- 
netic sediments is under evaluation by the FDEP (Calder, 1993), and guidelines have yet to be 
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TABLE 1. Summary of total organic carbon and trace metal concentrations (ppm) in lim- 
netic sediments of Collier County, Florida, April and August-September 1991: Mean and me- 
dian concentrations, range, ERL and ERM* concentrations and stations at which concentrations 
exceeded the ERL during at least one sample period. 


Stations 

= ERL 

Variable (n>) Mean/Median (Range) ERL ERM < ERM 
TOC (92) 40350/2935 (100-72 1000) n/a n/a — 
Arsenic (88) 1.4/0.8 (<0.01-8.8) 33.0 85.0 — 
Cadmium (88) 0.3/0.1 (<0.01-1.1) 5.0 9.0 — 
Chromium (88) 2.9/1.2 (0.05—27.0) 80.0 145.0 — 

Copper (88) 6.1/2.2 (<0.01—86.0) 70.0 390.0 18, 20 

Lead (88) 18.7/2.4 (<0.01—990.0) 35.0 110.0 18, 19 
Silver (88) 0.2/0.08 (<0.01-1.4) 1.0 Dee, 8 

Zinc (88) 23.0/9.6 (0.05—180.0) 120.0 270.0 4,18 


“ERL (Effects Range-Low) and ERM (Effects Range-Median) concentrations are after Long and Morgan 
(1990); °n = number of samples analyzed; n/a = not applicable. 


developed. However, the basic relationships established for estuarine sediments appear to be 
valid for limnetic sediments (Calder, 1993). 

Contaminant concentrations were also compared against values reported as likely to be 
inimical to the structure and function of biological organisms, populations, and communities 
by Long and Morgan (1990). In Long and Morgan (1990), the concentrations of contaminants 
at which biological effects (e.g., mortality in bioassays, ontogenetic abnormalities, alterations 
in community structure) have been reported in the literature were reviewed. Concentrations of 
metals, pesticides, and PAH’s which were tested or evaluated in these studies were ranked and 
those concentrations corresponding to the 10th percentile value at which adverse biological 
effects have been reported were designated “‘Effects Range-Low”’ [ERL] (Long and Morgan, 
1990); the ERL then, is that concentration of a contaminant at or below which there is a low 
probability that biological impacts may occur. An ‘“‘Effects Range-Median”’ [ERM] concentra- 
tion represents the median level at which biological effects have been reported in the literature 
(Long and Morgan, 1990); biological impacts are more likely to be observed when contaminant 
concentrations are above the ERM. 

Contaminants present at concentrations greater than either the ERL or ERM may not 
necessarily have biological impact. Effects range values were based upon an evaluation of 
disparate analyses and the organisms in these studies included temperate, subtropical, and boreal 
species living in estuarine, neritic, and limnetic habitats. The results then, have broad application 
and are meant to be used as one tool for assessing contamination of sediments. 


RESULTS AND DiIscuUSSION—Total organic carbon—TOC concentrations 
(Table 1) ranged from 100 to >700,000 ppm; highest concentrations were 
detected at station 19 (Gordon River Extension), where field observations 
indicated that the sediments were visibly contaminated with PAH’s. Other 
locations with TOC >100,000 ppm included summer 1991 samples at sta- 
tions’ 1,°9) 110518; 22 and! 26: 

The station by season interaction was significant (F,; ,>=3.6; p<.001) and 
wet”? season TOC concentrations were higher than “‘dry”’ season concen- 
trations (Fig. 2). This seasonal difference is likely due to runoff from upland 
areas and decomposition of detritus. Although there is generally assumed to 
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Fic. 2. Mean total organic carbon concentrations in limnetic sediments of Collier County, 
Florida, by station and season, 1991. 


be an association between TOC and fine-grained sediments (Klamer et al., 
1990; Seidemann, 1991), such is not always the case (Velinsky et al., 1994). 
It is likely that a wide size range of particles (e.g., vegetative detritus) are 
encompassed in the TOC analyses, not necessarily only fine grained sedi- 
ment particles (Evans et al., 1990) and that TOC should not necessarily be 
considered a contaminant outside of urban waterways (cf. NOAA, 1991). 


Enrichment by trace metals—The metal/aluminum ratios suggest that 
sediments in a number of waterways are enriched with cadmium, copper, 
lead, and zinc (Fig. 3). Given that all of the stations except 9, 10, 17, 22, 
and 24 adjoin major roadways, enrichment by metals associated with vehic- 
ular traffic (e.g., cadmium, lead, zinc) should not be unexpected (Smith, 
1976; Van Hassell et al., 1980). 

Cadmium enrichment however, is not only indicative of automobile use, 
but may be a consequence of fertilizer use in the watershed (Merian, 1990). 
Alternatively, these sediments may not be anthropogenically enriched at all. 
Certain trace metals, including cadmium, tend to be enriched in phosphorites 
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Fic. 3. Relationship between trace metals and aluminum in limnetic sediments of Collier 
County, Florida, 1991. Filled circles represent ‘“‘dry’’ season values and open circles represent 
“wet” season values. 


(Nathan, 1984) and the “‘high”” cadmium concentrations may reflect the dis- 
tribution of phosphoritic sediments in southwest Florida (FDEP, 1994). This 
is an area in which more information is needed since phosphoritic sediments 
are more commonly deposited in central, not southwest Florida (Cooke, 
1945). The copper in these sediments is likely associated with canal main- 
tenance operations as compounds such as copper sulfate are used to control 
algal growth (Leslie, 1990). 


Biological effects potential—Zinc and lead exceeded the ERL at two 
stations and copper and silver each at one (Table 1). Both zine and lead at 
station 18 (Gordon River) exceeded the ERL. The high concentrations of 
zinc and lead most likely reflect traffic density (Wheeler et al., 1978; Van 
Hassel et al., 1980). The extent to which metal concentrations diminish with 
distance from the roadway is not known at these locations. However, con- 
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TABLE 2. ANOVA summary of the effects of season (“‘dry” [April] vs. “wet”? [August— 
September]) on trace metal concentrations (In n +1 ppm) during 1991. 


Mean (In n +1 ppm) 


Metal Dry season Wet season Fe p 


Arsenic 0.42 0.92 42.3 <0.001 
Cadmium 0.22 0223 0.2 0.63 
Chromium 0.80 1.39 44.2 <0.001 
Copper 1.04 1.64 36.7 <0.001 
Lead 1.35 55) 0.9 0.35 
Silver 0.32 0.03 186.5 <0.001 
Zinc QD Desi 2.0 0.16 
* degrees of freedom = 1,59. 


tamination may be localized since Smith (1976) observed that lead contam- 
ination adjacent to highways extended only approximately 50 meters from 
either side of the roadway. Stations with the lowest lead concentrations (9, 
10, and 22) were removed from major roadways. 

Season (“‘wet”’ vs. “‘dry”’’) had an effect on concentrations of several of 
the metals. Arsenic, chromium, and copper concentrations were significantly 
greater during the ““wet’’ season than during the “‘dry”’ season (Table 2) and 
metal/aluminum ratios tended to be higher during the “‘wet’’ season for 
cadmium, copper, lead, and zinc (Fig. 3). In the case of silver, ““dry’’ season 
concentrations were greater. 

These data suggest then, as other studies have demonstrated (USEPA, 
1987; Baudo and Muntau, 1990; Fowler, 1990), that runoff from roadways, 
agricultural lands, and residential areas during rain events is likely a major 
factor in conveying trace metals to waterways and ultimately into the sed- 
iments. 

In the case of silver, the results are not in agreement with the other 
metals. The reason for this is not clear. Silver has been considered to be a 
marker for wastewater treatment plant effluents (Sanudo-Wilhelmy and Fle- 
gel, 1992; Luoma and Phillips, 1988), which was the rationale for its inclu- 
sion in the study design. However, concentrations immediately downstream 
from a wastewater treatment plant (station 25) are unremarkable. Silver, like 
cadmium, is also a replacement metal in phosphorites (Nathan, 1984), which 
could suggest a natural source. Perhaps the most likely explanation, however, 
is its association with humic materials from decomposition of vegetation 
(Luoma and Bryan, 1981). This is also an area where more work is needed 
to explain silver’s apparently anomalous distribution. 

Eight pesticides were detected during 1991 (Table 3) and the most fre- 
quently occurring were d-hexachlorocyclohexane [d-HCH] (10 stations) and 
Aldrin (7 stations). Pesticides were detected in 41.8% of the samples and at 
53.8% of the stations during during this study. This contrasts with other 
Florida studies which rarely report frequencies of detection >5% (Shahane, 
1994a). Although FDEP (Seal et al., 1994) detected organochlorine pesti- 
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TABLE 3. Stations at which organochlorine pesticide residues were detected and their con- 
centrations (ppb), by replicate (rl, r2): April and August-September 1991. 


Concentration 
Station Date Pesticide (by replicate) 
1 Apr 91 Aldrin 0.6, 1.3 
Aug 91 Aldrin 0.85, <0.5 
d-HCH 1ESs <0.5 
Dp} Apr 91 d-HCH 99, <0.2 
g-HCH 0.72, <0.2 
Aug 91 Aldrin 0.61, <0.1 
3 Apr 91 d-HCH 0.1, 6.7 
g-HCH 0.7, <0.02 
Aug 91 Aldrin 0.43, 0.44 
4 Apr 91 d-HCH 12s <0.2 
g-HCH 1.8, <0.2 
Aug 91 4,4'-DDD 0.85, <0.1 
5 Apr 91 d-HCH Sy, 18 
Aug 91 Aldrin c(i 0.481 
6 Apr 91 g-HCH US, 6.1 
8 Aug 91 Chlordane 180°, 410° 
d-HCH 9.8, DS 
9 Aug 91 Endrin <0O.1, 2.02 
10 Aug 91 d-HCH 12, 34 
12 Aug 91 Aldrin <2.0, 1.4 
d-HCH Dn 1.7 
15 Apr 91 Endosulfan 12.0, <0.2 
Sulfate 
19 Apr 91 d-HCH eas 3.3) 
22 Apr 91 d-HCH 0.8, <0.2 
Aug 91 Aldrin 0.61, <0.1 
Dieldrin 0.328, <0.1 
24 Apr 91 g-HCH 75, 22 
d-HCH il. 67 
Aug 91 Aldrin 0.15, <0.5 
d-HCH <0.1, 2.8 


exceeds ERL of 0.02 ppb (Long and Morgan, 1990). 
> exceeds ERM of 6 ppb (Long and Morgan, 1990). 


cides in 28% of their estuarine samples, some stations were selected because 
they were expected to be contaminated. 

The concentrations of two pesticides (d-HCH at station 2, the North 
Naples Canal, and chlordane at station 8, the Coconut Palm River) as well 
as the 695 ppb of Endosulfan sulfate reported at station 20 (Haldeman Creek 
at US 41) in 1990 (Collier County Pollution Control Department, 1994) are 
the highest reported to date in Florida (Shahane, 1994b). The chlordane 
concentrations at station 8 are more than twice that of any reported for 
NOAA’s (estuarine) National Status and Trend Network [NS&T] (O’Connor, 
1992). 

Effects range data are not reported by Long and Morgan (1990) for 
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Aldrin, Endosulfan I, Endosulfan sulfate, or d-HCH. Aldrin is capable of 
being biotransformed to dieldrin (detected at >ERL at station 22, Lake Traf- 
ford; Table 3), which in turn is very stable in aquatic systems and is long- 
lived (MacDonald, 1993). The concentration of dieldrin at station 22, when 
expressed per unit of TOC (0.0025 ug per g of TOC) is below the USEPA’s 
(1993a) proposed criteria for freshwater sediments. 

Endosulfan was implicated in more (estuarine) fish kills than any other 
pesticide, nation-wide, during the period 1980—1989 (Pait et al., 1992). It 
has also been the most frequently detected pesticide in Collier County es- 
tuaries (Grabe, 1993; Collier County Pollution Control Department, unpubl. 
data). 

d-HCH is one of five isomers which constitute HCH and is also a deg- 
radation product of lindane (g-HCH). Lindane is the HCH isomer with the 
greatest insecticidal activity (Blus, 1995). It is considered to have a relatively 
short half life for an organochlorine pesticide (Blus, 1995) and may persist 
in soil for up to one year (Thomson, 1985). Other isomers of HCH have 
not been used since 1978 (Blus, 1995). HCH isomers are also commonly 
detected in estuarine waters of Collier County, notably Naples Bay. In Na- 
ples Bay, which receives drainage from the Gordon River, Haldeman Creek, 
and Main Golden Gate Canal watersheds (e.g., stations 11, 12, and, 25), 
isomers of HCH were detected at 11 of 13 stations in April 1992 (Grabe, 
1993; Collier County Pollution Control Department, unpubl. data). 

The ERM for chlordane is 6 ppb (Long and Morgan, 1990), although 
the confidence in this value is low. Based upon data from NS&T sites, 
concentrations >5.5 ppb are ““high’” (O’Connor, 1990). Chlordane was em- 
ployed, beginning in the late 1950’s, for fire ant control (Clawson and Baker, 
1959) but since 1980 has only been approved for subterranean termite con- 
trol (Blus, 1995). 

At station 9, a pond in the Fakahatchee Strand State Preserve, Endrin 
was detected at 2.0 ppb (Table 3), two orders of magnitude greater than the 
ERL (0.02 ppb; Long and Morgan, 1990). The authors again caution that 
there is only a low level of confidence in this value since the database is 
quite limited. When standardized by TOC, the concentration (0.0074 ug per 
g of TOC) is below the USEPA’s (1993b) suggested guidelines. Endrin is 
used to control a variety of insects on ornamentals and sugarcane, as a seed 
treatment, and as a rodenticide; it is one of the most acutely toxic pesticides 
to fish and wildlife (Thomson, 1985; Blus, 1995). How Endrin reached a 
remote location in Fakahatchee Strand State Preserve is unknown. 

Even though use of most of these pesticides has been phased out, they 
can continue to impact the environment. Pesticides can leach from sediments 
over time (Booij et al., 1992) or become resuspended during canal mainte- 
nance dredging operations (USEPA, 1992), posing a chronic risk to the biota. 

The inordinately high concentrations of chlordane detected in 1991 led 
to confirmatory sampling of sediments and fish tissues in 1995 by FDEP 
and the Florida Department of Health & Rehabilitative Services [HRS] 
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TABLE 4. Stations at which polycyclic aromatic hydrocarbons [PAH] were detected and 
their concentrations (ppb), by replicate (rl, r2): April 1991. 


Concentration 

Station PAH (by replicate) 
4 Benzo(a)anthracene 80, <50 
Pyrene 280, <50 
5 Fluoranthene 130, <50 
Pyrene <50, 90 

15 Benzo(a)anthracene 130, <50 
Fluoranthene 130, <50 

Pyrene 130, <50 

18 Acenapthene 210°, 80 
Chrysene 80, 170 

Fluoranthene <50, 220 

Pyrene 180, 3708 

19 Benzo(a)anthracene 13000°, 6200° 
Chrysene 3800", <1000 

Fluoranthene 18002, 4400° 

Pyrene 5200, 3800° 


“exceeds ERL (Long and Morgan, 1990). 
> exceeds ERM (Long and Morgan, 1990). 


(Ross, 1995a). This effort not only confirmed the extremely high chlordane 
levels at station 8 (160 ppb) but also detected potentially toxic concentrations 
at stations 5 (27 ppb) and 18 (68 ppb) (FDEP unpubl. data). Stations 8 and 
5 lie within the Cocohatchee River watershed which is currently being con- 
sidered by FDEP for designation as an *‘Outstanding Florida Water’’. 

Limited testing of fish tissues (nine species, 21 individuals) by HRS 
(unpubl. data) revealed the presence of detectable concentrations of several 
isomers of chlordane and nonachlor, DDD, and DDE in 14 individuals and 
eight species. The response to these findings was the issuance of a health 
advisory by HRS recommending limits on consumption of fishes taken from 
waterways draining agricultural lands in Collier County (Ross, 1995b). 

PAH (analyzed only during April 1991) were detected at five stations 
(Table 4). Four types of PAH were detected at station 19 (Gordon River 
Extension basin) at concentrations greater than the ERM. Compared to all 
monitoring sites in the estuarine NS&T Network (NOAA, 1991), the con- 
centration of total PAH at station 19 (mean=19350 ppb) ranked fourth after 
the Hudson River (57000 ppb), Boston Harbor (28000 ppb), and the Eliz- 
abeth River, VA (24000 ppb). PAH’s are of concern because they are known 
carcinogens (cf. Eisler, 1987). HRS’ 1995 fish tissue analyses did not include 
PAH. 

Benzo(a)anthracene and chrysene concentrations at station 19 were 
greater than any reported in the NS&T Network (Long and Morgan, 1990) 
and fluoranthene and pyrene concentrations were higher than at all but one 
NS&T location. Fluoranthene in one replicate was >2600 ug per g TOC, 
above the USEPA’s (1993c) recommended guidelines (1020 ug per g TOC). 
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Acenapthene and pyrene were present at station 18 (Gordon River) in 
excess of the ERL (Table 4) and the acenapthene was higher than any re- 
ported in the NS&T Network (Long and Morgan, 1990). The acenapthene 
concentration in one replicate was 396 ug per g TOC, above the USEPA’s 
(1993d) proposed guidelines for freshwater sediments (140 ug per g TOC). 

Based upon fluoranthene:pyrene ratios of 1.0 to 1.35, urban runoff is 
the likely source of PAH (Mastran et al., 1994) at stations 15 (Gordon River 
Extension) and 5 (East Branch of the Cocohatchee River). At stations 18 
and 19, where this ratio was <0.7, combustion processes are a more likely 
source (Mastran and others, 1994). Whether there was a vehicular accident 
or a spill at station 19 which could explain the inordinately high PAH con- 
centrations is unknown. 


SUMMARY—Limnetic sediments in Collier County, Florida, show evi- 
dence of contamination by metals associated with vehicular traffic (lead and 
zinc) and aquatic weed control activities (copper); elevated cadmium con- 
centrations may be indicative of fertilizer applications. Pesticide residues 
were widespread and more frequently detected than in other parts of Florida. 
Chlordane and d-HCH were detected at higher concentrations than anywhere 
else in Florida. PAH were detected in unusually high concentrations in the 
Gordon River watershed and appear to be a consequence of combustion 
processes. 
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NOTE ADDED IN PROOF 


Sediments collected from a residential canal (south of US 41 and east 
of CR 951) during June 1995 (Collier County Pollution Control Dept., un- 
publ. data) revealed total PAHs (7,858-17,030 ppb), anthracene (83-260), 
benzo(a)anthracene (450-1100), and chrysene (490-1700)>ERL. Fluoran- 
thene (2500-6400) and pyrene (3200-5300) were >ERM in at least one 
sample. The 6400 ppb fluoranthene was higher than that of any NS&T site 
reported by Long and Morgan (1990) and the 5300 ppb of chrysene was 
higher than at all but one NS&T site. 
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ABSTRACT: One species of cattails, Typha domingensis, was screened for allelopathic 
chemicals. Cattail plants differing in stages of maturation, were collected from two locations. 
Portions of the plants (stem base, roots and the surrounding detritus) were separated, and then 
either extracted with deionized water at room temperature or extracted in an autoclave for 25 
min. at 120°C and 15 psi. The organic content was the same for both methods (617+6 vs 
619=4 ppm, for room temperature and autoclaved, respectively). Aqueous phenol was used as 
a standard. Bioassays were performed using three varieties of lettuce seeds (Black Seeded 
Simpson, Salad Bowl, and Bibb), as well as on Red Devil B radish seeds. Behavior was similar 
for all varieties of lettuce (abnormal growth) and delay in germination for radish seeds in the 
presence of extracts. Seedling growth using the autoclaved extracts or room temperature ex- 
tracts resulted in abnormal development. ECs, for inhibition of growth of lettuce seeds was 90 
ppm(as organic carbon, Corg) versus about 10 ppm phenol (or 7.7 ppm Corg). Partial puri- 
fication using a C8& column, provided fractions of the cattail extract containing inhibitory 
agents. These fractions were used to imbibe test lettuce seeds to help provide additional alle- 
lopathic characterization. Lyngbya majuscula was also studied and inhibition of oxygen pro- 
duction (Warburg apparatus) occurred after adding extracts. Total carbon and inorganic car- 
bon analyses were performed on the extracts. 


CATTAILS, Typha spp., can often be problematic to the wetland regions 
of southeastern United States. Of the ten known species of Typha (Pierterse 
and Murphy, 1993), there are three species that grow in Southeast environ- 
ments: Typha domingensis, Typha latifolia, and Typha angustifolia (Long 
and Lakela, 1976). The plants can cause problems to the flora and fauna of 
the habitat and indirectly to humans when they become the dominant plant 
species in the marshes, ultimately inhibiting water flow. 

They have useful characteristics as well. The entire plant, during certain 
Stages of growth, is edible after being properly prepared. To the wetland 
wildlife community, cattails may serve as places for roosting and protective 
cover, especially when the species grows in dense stands. 

However, this dense growth becomes a significant problem when trying 
to maintain flood control and water flow. Typha spp. was found to be the 
second most abundant aquatic plant in all of Florida (following Hydrilla 
verticillata Royle), according to Schardt and Nall (1988).This plant has be- 
come the dominant marsh species, out-competing the native sawgrass, Clad- 
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ium jamaicense (Toth, 1988), in Lake Okeechobee and certain areas of the 
Everglades in south Florida. Toth (1988) researched a possible domination 
of nutrient uptake by cattail, preventing the growth of surrounding plants. 
Included in the study was the decomposition of the cattails that reintroduced 
nutrients into the cycle. Shallow waters with a low cattail population and 
deeper waters having a denser growth were both investigated, and the re- 
sulting data was interpreted to explain the state of each environment. In 
shallow areas, because of the inability of cattails to store adequate nutrient 
reserves for winter, cattail expansion was restricted. In deeper, more nutrient- 
rich waters, the cattails had optimal growth conditions. This environment 
provided for the domination of the extremely opportunistic cattail species, 
inhibiting sawgrass growth. 

An alternative explanation for cattail domination was investigated by 
Szczepanska (1971) after he also observed that most marshes are monospe- 
cific. He studied the autotoxicity of Typha latifolia on seed germination of 
this cattail species and found that its growth was inhibited by plant extracts. 
It has been stated by others that allelopathic compounds are most often found 
to be much more toxic to other plant species than to the species that produces 
them (Rice, 1984). Therefore, investigations into the allelopathic mecha- 
nisms of cattail domination occurring in marsh environments should be stud- 
ied further. 

Our hypothesis of the allelopathic nature of the cattail species, Typha 
domingensis, was tested by screening the extracts of the plant. We presume 
that T. domingensis produces certain toxic compounds to be found in the 
leaves, stem base, roots, or debris, or by action of organisms on the debris, 
that cause the species domination occurring in area marshes. 


MATERIALS AND METHODS—Typha extracts—Plants were taken from two test sites. One 
area chosen was a marsh environment abundant in cattail growth (Site 1), located in a storm- 
water ditch near the University of South Florida campus in Tampa, FL. Sediment in this en- 
vironment was very loose and wet, and contained a high percentage of sand. Vegetation density 
was low and cattail plants were the major plant species present. The second area selected for 
sample collection (Site 2), was located north of the University on Bearss Ave. The sediment 
at this location was drier than the first, and was comprised mostly of soil and organic matter. 
Plant growth was more dense at Site 2, and included many other plant species besides cattails. 

Cattails in both environments were identified as Typha domingensis, by Richard P. Wun- 
derlin, USF Herbarium. Samples were harvested by digging far enough away from the base of 
the plant to ensure collection of the entire root system and surrounding humus. Three ages of 
cattail plants were sampled from Site 1: Plants which had yet to develop their inflorescence, 
fully mature cattails, and cattails which were partially decomposing. Only mature plants were 
taken from Site 2. 

Once in the laboratory, the surrounding humus was isolated from the plants and weighed. 
The stem base and root systems were separated, rinsed with deionized water, and weighed 
individually. Some of the prepared samples from Site 1 were separately autoclaved at 121°C 
(15 psi, 25 min.), with deionized water (30 mL per 1.0 g of material). The other samples from 
Site 1 and those collected at Site 2 were extracted at room temperature using a Waring blender 
and water (10 mL/g) for 3 min. The resulting crude extracts were then placed in a refrigerator 
at O—4° C, and disposed of after two weeks. 
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Bioassays—All extracts were filtered using Whatman no. | filter paper, and the remaining 
liquid was used for bioassays. A portion of the autoclaved stem base extract from site 1 was 
evaporated using isothermal distillation, at room temperature, and under reduced pressure, to 
concentrate the sample. (The final concentration was that of the so-called blended sample). 

Reagent grade phenol was used to prepare solutions of differing concentrations in order 
to give data on the limits of activity for lettuce seed (Black Seeded Simpson) germination. The 
procedure of Moon and Martin (1981) was used for all bioassays. Exactly 1.0 mL of the selected 
extract was used to saturate filter papers which had been placed in plastic weighing boats 
(4X4xX0.7cm). Then 10 test seeds, either lettuce or radish seeds (Red Devil) were laid on each 
of the saturated papers, and put into glass Petri dishes, which were then sealed with Parafilm. 
Sample assays were exposed to intermittent light (12 hr. dark/12 hr. light) for a 6-day study 
period, using 40 W white fluorescent lamps (distance: 45 cm at 24°C). The same procedure 
was used to prepare sample dishes with 1 mL of the plant and sediment extracts. We examined 
Black Seeded Simpson and Salad Bowl lettuce seeds (NK Lawn & Garden Co.), and Bibb 
variety (Ferry-Morse Seed), as well as Red Devil B radish seeds (NK Lawn and Garden Co.) 
for additional bioassays. 


Separation on C& cartridges—Root extract (Prepared from stem base and root sections of 
mature cattails at Site 1; 3100 ppm Corg) was filtered through Whatman no. 1., and filtrate was 
passed through an EXTRA-SEP column (200 mg, 3.0 mL; Lida Manufacturing Co.). Two 
fractions were collected. Fraction 1 was the colorless water that passed through the filter. A 
second fraction was obtained by passing methanol through the column to extract absorbed 
organics left on the C8 column, then evaporating the methanol at room temperature under 
reduced pressure, and dissolving the residue in 1 mL of deionized water to give Fraction 2 
(orange brown). Both fractions were tested against Black Seeded Simpson lettuce seeds. 


Bioassays with Lyngbya—tThe effect of added extract on oxygen production by Lyngbya 
majuscula in Gorham’s medium was studied using a Warburg apparatus (Umbreit et al., 1972; 
Martin et al., 1987; Dyer et al., 1992) placed in a constant temperature bath at 30°C. Experi- 
ments were performed using samples of L. majuscula obtained from Horseshoe Lake in Lake- 
land that were previously identified by Clinton P. Dawes (Martin et al., 1987; Johnson and 
Martin, 1988). Extraneous material was removed and the cyanobacterium was washed several 
times in 5 L of distilled water, agitating then draining until the water was clear and all observ- 
able trash was removed. A stock culture was maintained in well water from the Floridan aquifer 
in a 55-gallon, open plastic drum on the roof of the Science Center at University of South 
Florida. The Warburg flask contained a center well in which a folded, 22 cm square, Whatman 
no. | filter paper and 0.2 mL of KOH were both placed to remove CO,. Approximately 0.2 g 
of cyanobacterium was put in the reaction chamber along with 4 mL of Gorham’s solution. 
The system was flushed with nitrogen gas and the flask was placed in a water bath kept at 
30°C, illuminated with cool-white fluorescent lamps arranged vertically around it (100 E/m?/sec, 
as measured by a Li-Cor model 185-A radiometer/photometer). After a 30 min. incubation 
period, volume of oxygen produced (mm manometer reading) was recorded every ten minutes 
for about an hour. When a constant photosynthetic rate was maintained, the contents of the side 
arm flask containing 1 mL of cattail extract were added, and the effect was measured. Each 
trial run took approximately three hours to complete. 


Inorganic and total organic carbon analysis—Analyses of extracts were done using a 
Dohrmann (model DC-180) automated carbon analyzer. Sample root and stem base extracts 
from Site 1, having been extracted at room temperature, in addition to those which had been 
autoclaved, were injected into the analyzer. Calibration was done by the analyzer after carbon 
standards (potassium hydrogen phthalate in deionized water, serially diluted from 2,000 ppm 
to give a 10 ppm working standard) were injected. The concentration of organic carbon was 
then calculated. 

Cattail leaves were dried at 80° C for 24 hours then ground and analyzed for carbon, 
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hydrogen, and nitrogen using a Strumentazione elemental analyzer (M.O.D. 116, DP 110 PRC) 
at the USF Department of Marine Science. 


RESULTS AND DISCUSSION—General bioassay results—Lettuce seeds 
(Lactuca sativa L.) can be useful in detecting the presence of allelopathic 
compounds (Moon and Martin, 1981, Barltrop and Martin, 1983; Cooper- 
Driver et al., 1985; Leather and Einhellig, 1986). They have high germi- 
nation rates, are readily available, and results can be rapidly obtained. Sev- 
eral types of germination behavior have been noted (Moon and Martin, 
1981): Type 1, normal, with the cotyledons and hypocotyls oriented in the 
proper manner, and raised upward at least 1 cm by the hypocotyls from the 
filter paper; type 2, a flattened appearance with cotyledons oriented upwards, 
but not held upright; type 3, complete disorientation of the seedlings, when 
orientation appeared to be horizontal, vertical and/or inverted; type 4, in- 
version, when hypocotyls were up and cotyledons were oriented downward. 
Standard coloration of the seedling describes green cotyledons, and a white 
hypocotyls. Abnormal appearance characterized a dark coloration of the 
emerging radical and lower hypocotyls. 

In the present study, deionized water was used as a control, and aqueous 
phenol was used as a standard. Lettuce seeds exhibited type 1 behavior with 
the appearance of cotyledons delayed by some period of time. Varying the 
phenol solutions used to imbibe the seeds, a decline in the average percent 
germination with increasing phenol concentrations was observed. Percent 
germination could be converted to probits (Finney, 1971), which could be 
plotted as a function of concentration, and the EC;, value would be found 
for a probit of 5. Alternatively, the number of seeds was plotted as a function 
of the log of the concentration of phenol, and the EC;, value, the concen- 
tration needed to inhibit 50% of the seeds from germinating, was 10 ppm 
(or 7.7 ppm as organic carbon) (Fig. 1). 

Seed variety was tested. Salad Bowl lettuce seeds gave the same results 
as Black Seeded Simpson. Specifically, using extract and a 48-hour bioassay, 
77+2.8% of the Black Seeded lettuce germinated, and 73+0.5% of the Salad 
Bowl seeds germinated, and 90+4.6% of the controls germinated. 

In contrast, Bibb lettuce seeds showed no signs of germination after 48 
hours, a result that we had observed previously. When radish seeds were 
used in the bioassay, results similar to those for Black Seeded Simpson were 
observed. After 72 hours in the presence of deionized water, 70% of the 
seeds germinated, and all were normal in appearance; in the presence of 
root extract from mature plants (3080 ppm organic carbon), only 30% of 
the seeds germinated, and those seeds were characterized by stunted growth, 
brown-colored plant tissue, and inverted cotyledons and dicotyledons. 

The EC,, was found to be 90.4 ppm (as organic carbon) for germination 
of lettuce (Black Seeded Simpson) seeds. We used a room-temperature ex- 
tract of mature plants (Site 1) and a 24-hour germination test (Fig 2). 

Cattail plants in different stages of development were investigated to 
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Fic. 1. Number of lettuce seeds germinated as a function of log of phenol concentration 
(ppm). (Data from assays imbibing test lettuce seeds with prepared methanol solutions. Illu- 
mination: 40 Watt fluorescent lighting, 800 peinsteins/m?/sec as measured by a Li-Cor, model 
185A, photometer). 


see if the age of the plant was related to its possible allelopathic behavior. 
Again, no significant inhibition of lettuce seed growth was observed using 
autoclaved extracts of immature cattails. Partially decomposing plants from 
Site 1 and the samples of mature cattails from Site 2, having been extracted 
at room temperature, showed a slight coloration of the root after day one of 
the study period. After approximately three days, the roots appeared light 
brown, in contrast to the white roots that were observed for the control, 
while the color of the hypocotyls and cotyledons that developed showed no 
differences. The cotyledons had an inverted orientation (type 4 behavior), 
and the roots grew vertically. Extracts from Site 1, which had been blended, 
gave inverted growth behavior and a discoloration of the roots as well. 


Effect of temperature on cattail extracts—Autoclaving plant extracts to 
prevent any breakdown by bacteria, gave extracts that had the same prop- 
erties as extracts obtained at room temperature. The organic carbon content 
was 6177 and 619+4 ppm for room temperature and autoclaved material, 
respectively. Both tested identically for extracts of mature plant stems, roots, 
and debris from Site 1. This observation indicates the active inhibitor is not 
a protein, which would have been denatured at the temperature of extraction 
in the autoclave. 
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Fic. 2. Number of lettuce seeds germinated versus log of extract concentration. (Con- 
ditions of assays of lettuce seeds same as described in Fig. 3.) 


Assays of separated fractions—When separation was achieved on a Cy, 
column, two fractions were obtained: Fraction 1, the colorless filtrate (227 
ppm Corg) gave 50% inhibition, the same as Fraction 2 (ca. 213 ppm Corg). 
Both fractions gave inverted dicotyledons. Apparently the inhibition is not 
associated with a single substance. 


Bioassays with Lyngbya majuscula—The rate of oxygen production of 
Lyngbya majuscula was studied to determine if the cattail extracts affected 
cyanobacterium growth. Extracts inhibited the rate of oxygen production. 
Using a Warburg apparatus, changes in manometer readings (mm), as a 
function of time (min.) were plotted and fitted to a straight line using re- 
gression analysis. Growth rates, expressing oxygen production, were deter- 
mined from the slopes of the lines. Before the addition of cattail extracts, a 
nearly linear relationship resulted, giving an average growth rate of 0.43 
mm/min. Samples from Site 1 which had been extracted at room tempera- 
ture, were then poured in from the side arm. After the 30-min. incubation 
period the Lyngbya showed a decrease in the rate of oxygen production (to 
0.09), indicating that the cattail extracts affected the photosynthetic process. 
A trial of Lyngbya in Gorham’s medium is shown (Fig 3), and the rate of 
growth after adding 1.0 mL of the blended cattail extract is indicated as the 
lower line. The area underneath each curve (oxygen produced as a function 
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Fic. 3. Change in manometer readings versus time for a control and test trial. Rate of 
oxygen production by Lyngbya majuscula was monitored using a Warburg apparatus, before 
and after cattail extract was added. 


of time) was measured, and the extract (30.8 < 10° ppm Corg) showed a 
reduction of 32+8%. 

Many allelopathic toxins produced by higher plants have been identified 
by others (Rice, 1984). Phenols, for example, effect the transfer of gibber- 
ellins through the seed membranes and consequently interrupt the growth 
process. This might have caused the delayed and stunted seedling devel- 
opment observed in the bioassays performed. Only a general identification 
and classification can be done with the results of this study, and further 
characterization of compounds causing the observed behaviors is open for 
investigation. 

In conclusion, these studies have shown that the cattail species, Typha 
domingensis, exhibits allelopathy and produces substances that affect growth 
rates and development of other plants. This allelopathy, in the light of past 
Studies proving the agressive removal of available nutrients in aquatic en- 
vironments by this species, helps to explain the mono-cultures often ob- 
served in marsh environments. 
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ABSTRACT: Conflicts over a dwindling potable water supply in the Northern Tampa Bay 
area have been dubbed the “‘water wars.”’ The authors utilized a modified policy Delphi method 
to assist experts in identifying the most effective and appropriate water supply solutions. Policy 
and resource experts participated in a modified Delphi forum through Internet connections to 
a Vax CMS mainframe at the University of South Florida, Tampa campus. Automated statistical 
analysis showed that the experts favored a multi-faceted approach in which conservation was 
the most important factor in alleviating the potable water supply crisis in the Northern Tampa 
Bay area. 


INDIVIDUAL citizens, organizations, businesses, state and county agencies 
are in conflict over perceived fresh water supply problems in the Northern 
Tampa Bay area of southwest Florida. These conflicts have been dubbed the 
“water wars.”’ Geographically, the water wars are associated with people 
and water supplies in a four-county area including southern Hernando, Pas- 
co, Hillsborough, and Pinellas counties. A significant amount of the potable 
water in these areas is pumped from groundwater supplies. While some is 
pumped from private wells, most comes from well fields run by the West 
Coast Regional Water Supply Authority and regulated by the Southwest 
Florida Water Management District, or “Swiftmud’ (Marella, 1993). Issues 
of potable water quantity, quality and water related hazards are intricately 
related (Dingman, 1994), especially in Florida. In the case of the water wars, 
however, quantity is the root of many of the problems and issues, with 
increased water usage over the course of a five-year drought (Marella, 1993). 

The purpose of the authors’ research was to develop and test a process 
for identification of viable alternatives for alleviating the potable water sup- 
ply problems in the Tampa Bay area. A modified Delphi forum method was 
selected to accomplish this task. Delphi is a statistical feedback technique 
for exploring policy questions by generating responses and interaction be- 
tween experts. The Delphi method was initially developed in the 1950s by 
the RAND corporation as a military forecasting tool, but it has become a 
popular method for policy making, business, forecasting and concensus 
building (Kress, 1994; Jordan et al., 1976). Traditionally, all Delphi com- 
munication took place through the mail, with as many as 8 to 15 participants 
and a mediation and analysis team (Linstone and Turoff, 1975). 
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A Delphi usually has at least four stages: Preparation, Testing, Feedback, 
and Analysis (Kress, 1994). During Testing, a question is selected that the 
entire Delphi addresses. Then, a questionnaire is created with a series of 
researched alternatives. This questionnaire is submitted to experts, who re- 
spond to the initial alternatives and provide additional alternatives and ex- 
planations. The mediation team then refines the questionnaire and its alter- 
natives based upon this feedback. 

During the Feedback stage, the refined questionnaire is sent to the ex- 
perts, who respond anonymously and at their leisure. Expert response in- 
cludes weighting or ranking the alternatives, and explanations justifying their 
decisions. The mediation team then collects, combines, and statistically an- 
alyzes the responses, and includes the results in the subsequent rounds of 
questionnaires. In this manner, the participating experts can interact, explore 
the relative merits of alternatives, and adapt their positions in the face of 
new data and communication. After about three to six such rounds, the 
mediation team collects the responses and makes a final analysis, summary, 
and policy suggestion. 


METHODS—The Delphi undertaken by the authors followed the traditional method in most 
respects. Our Delphi differed in two ways: 

First, as a policy Delphi, it was not intended to achieve concensus among participants, but 
rather to explore policy alternatives, demonstrate points of agreement or divergence, find options 
with majority or strong minority support, and provide a neutral forum for communication be- 
tween experts (Linstone and Turoff, 1975). In a policy-related Delphi, experts are usually se- 
lected to represent different factions, sides, and perspectives of a policy issue, so that all view- 
points and alternatives are represented. The policy Delphi method attempted to ensure that all 
impacts and consequences were explored, as well as the acceptibility of each option. 

Second, our Delphi was conducted entirely through a computer-based, remote-access for- 
mat. All communication took place anonymously through University of South Florida’s telnet 
system; in effect, through Internet access. Participants accessed a central account housed on a 
Vax CMS mainframe at their convenience, 24-hours a day. This account was automated with 
the REXX scripting language and the SAS statistical language to handle all Delphi-related 
communication. Over the duration of the experiment, experts connected to this account as often 
as desired, viewed the results of cumulative previous communications, submitted new weights 
for the alternatives and comments to justify them, and viewed the automatically updated sta- 
tistics based upon their contribution. 

The implementation of our water Delphi was accomplished in a period of just over four 
weeks. It was also broken down into the Preparation stage (issue research and initial program- 
ming), the Testing stage (exploratory solutions defined in issue research), the Feedback stage, 
and the Analysis stage. 

The Preparation stage initiated with problem definition. The authors categorized perceived 
problems that encompass water war issues by reviewing over 150 newspaper articles and at- 
tending the Hillsborough County City-County Planning Commission’s ‘‘Water °94: Demand 
Side Water Management”’ water forum. The problems were categorized as Environmental, Eco- 
nomic, and Social. 

Environmental problems include lakes, rivers, and ponds drying up, decreasing water 
quality in lakes and streams, and salt-water intrusion in coastal areas as well as increasing 
salinity in estuarian zones. Environmental problems also include increased rates of sinkhole 
development and subsidence, lowering of groundwater levels, and other changes in local wet- 
land ecosystems. 
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Economic problems include increased potable water costs, lowering of property values, 
loss of income from water-related recreation and tourism, threats to water-dependent agribusi- 
ness, and costs associated with well re-drilling, repairing wetlands, new wellfields, and enforcing 
water regulations. 

Finally, social problems include percieved risk of personal injury from sinkholes, conflict 
with water usage and conservation policies, lack of identifiable accountability in water man- 
agement agencies, changes in water access for recreation and subsistence, and lack of cooper- 
ation between water-management agencies in solution development. 

Before the initiating the Testing stage, local experts were identified and invited to partic- 
ipate. The participants consisted of experts representing the fields of geology, hydrology, en- 
vironmental impact assessment, anthropology, and public administration. A summary of the 
results from issue research was submitted to these experts, placing the project question in 
context and indicating what kind of participation was desired. Participants were asked to send 
their comments regarding this central research question: ““Given the current fresh-water short- 
ages and resulting water management problems in counties surrounding the Tampa Bay Area 
(including Hernando, Pasco, Pinellas, Hillsborough), and the probable increases in water de- 
mands in the future, what is the best solution?” 

Experts were also asked to comment upon preliminary policy alternatives identified by 
the issue research, which focused on alternative water sources. The responses quickly indicated 
that alternative water-supply sources were only one aspect of appropriate policy responses to 
water-supply issues. 

The experts’ policy suggestions and responses were analyzed, and broken into four cate- 
gories of policy alternatives. These four categories were included for weighting and discussion 
by the participants for the remainder of the Delphi Feedback stage. The participants defined 
the most important issues and solutions and therefore the nature and content of the ensuing 
Delphi process. In this way, the mediators avoided problems of imposing external or inappro- 
priate solutions upon the conference participants (Linstone and Turoff, 1975). 


RESULTS—The four solution categories were defined as follows: Source, 
Conservation, Recycle, and Participation. 


Source—tThis category contains solutions that have to do with changing 
where we get our water. Examples of this are desalinization of salt water, 
and piping fresh water in from other locations. 


Conservation—Solutions that have to do with reducing the overall de- 
mand for fresh water. Examples of this are mutual coercion mutually agreed 
upon (i.e., laws, regulations which enforce penalties for water use above 
some level), and selling the benefits of reduced water use (i.e., social mar- 
keting, tax incentives). 


Recycling—Solutions related to the active re-introduction of used water 
into surface and ground water systems (e.g. recharge at points of extraction, 
filling dried up wetlands with waste-water), and the re-use of used water in 
such activities as irrigation. 


Participation—This category is based on the idea that water resource 
problems are value-based. A water problem exists to the extent that people 
perceive it to exist. Improved communication among stakeholders concern- 
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Discussion of PARTICIPATION category: 
Comments 


THIS CATEGORY ONLY CHANGES PERCEPTIONS. IT DOES NOT PROVIDE 
ANY ADDITIONAL WATER. 

PUBLIC AWARENESS IS NECESSARY FOR CONSERVATION TO BE VIABLE 
WILL ENHANCE SUCCESS OF RECYCLE APPROACH 

WITHOUT PARTICIPATION PEOPLE WILL NOT ACCEPT SOLUTIONS. 

INTEGRAL TO THE OPTION OR COMBINATION OF OPTIONS CHOSEN. 

PUBLIC RIGHT TO PARTICIPATE IN DECISIONS AFFECTING THEM. 

WITHOUT CITIZEN PARTICIPATION NO CONSERVATION NOR RECYCLING 
FIRST STEP TOWARD SOLUTION IS CITIZEN PARTICIPATION. 

PARTICIPATION IS CRUCIAL TO ACCOMPLISHMENT OF OTHER GOALS. 

"CONSERV 93" CONF. RECOMMENDATION THAT SUCCESS OF WATER MGT 
STRATEGIES IS RELATIVE TO DEGREE OF PUBLIC COLLABORATION. 

RKY. MTN. INST. (X,1:1-3) ALSO ENDORSES CONSERV 93 INT. WTR | 
RESC. PLN. BASED ON EARLY & COMPRHNSV PUB. PART. STRATEGY | 
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Fic. 1. Example output of Delphi program during feedback rounds, demonstrating inter- 
action of experts through category weights and supporting responses. 


ing issues, and the participation of stakeholders in the water planning process 
tend to facilitate solutions to problems. By facilitating mutual understanding 
of stakeholder values and incorporating stakeholders in the decision-making 
process, a range of benefits may be realized. Conflict tends to be reduced, 
the number of ideas for technical solutions tend to be increased, and stake- 
holders become more willing to work together. 

The Feedback Rounds continued with these categories for two weeks. 
Participants connected to the central Delphi account, reviewed recent expert 
submissions and statistical results, re-ranked the categories, and received 
immediate statistical feedback. Ranking was performed by dividing a total 
of eight points among the four categories of solutions. Each category could 
be given a score between zero and eight, so long as the four categories 
totaled eight points. 

There are many different methods of weighting Delphi alternatives, in- 
cluding ranking and paired comparisons. However, this method was chosen 
to closer represent choices made under limited resources. As experts weight- 
ed the categories, they were encouraged to justify their point allocation. 
These justifications formed the basis of the Delphi communication and in- 
teraction between experts. To demonstrate this process, Fig. 1 presents the 
experts’ final weights for the Participation category with supporting com- 
mentary. As an example, one expert justified providing a weight of 5 for 
this category by citing the recommendations of the ““Conservation 1993” 
conference. 

Finally, the statistical analysis and feedback consisted of a simple com- 
bined heirogram comparing the relative mean scores of each category, and 
a table of numbers describing such figures as standard deviation, minimum 
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CONSERVE PARTICIP RECYCLE SOURCE 


PARTICIP -4000000 - 9493589 -0000000 5.0000000 
CONSERVE - 8000000 -0954451 -0000000 4.0000000 
RECYCLE - 6000000 -5477226 -0000000 2.0000000 
SOURCE -2000000 - 3038405 3.0000000 


Fic. 2. Final statistical output of Delphi program, showing collective prioritization given 
each solution category by experts. 


and maximum of weights. Fig. 2 presents the final statistical distributions 
of the category weights. 

The resulting statistics demonstrate consistent expert support for con- 
servation strategies as the primary potable water-supply solution (refer to 
the Conserve variable presented in Fig. 2). Although the participation cat- 
egory was ranked second, the high standard deviation implies controversy 
between experts. As the Testing phase suggested, the experts placed least 
emphasis upon alternative sources as a supply solution. The experts were in 
agreement that recycling strategies rank well behind conservation and par- 
ticipation solutions. 


DiscussiON—The Delphi statistics and forum discussion suggest that the 
experts favored a multi-faceted approach to the solution of Tampa Bay’s 
water supply problems. Water conservation and citizen participation in water 
management policymaking and implementation were the two key factors 
identified by the experts in this experiment. In other words, the Delphi forum 
indicated that water-supply conservation management implemented through 
an open participatory process will have the greatest chances for success. 

Beyond the utility of these specific recommendations on water supply 
problems, this project shows the promise of a modified Delphi technique 
that takes advantage of the internet to bring experts together. Automated 
Delphi systems on PCs, mainframes, or Internet listservers could help re- 
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move barriers to access and participation, allowing moderated forums to 
address policy issues despite time and distance limitations. 
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ABSTRACT: Cladophora sp. filaments densely aggregated in ball-like structures, 1.5 to 2 
cm in diameter, were found floating in shallow water (10 cm deep) and rolling on the bottom 
of a hypersaline pond. Diatoms, blue-green algae, dinoflagellates, and metazoa—all in a 
healthy condition—thrived within the balls. The richly branched filaments interlaced by nu- 
merous rhizoids, and the environmental conditions of the habitat may account for the spherical 
shape of the structures. In the same location brown mounds of intertwined Phormidium sp. 
filaments securely attached to flat rocks formed low domes I to 3 cm tall and I to 7 cm in 
diameter. The mounds mainly consisted of alternating bands of filaments and carbonate par- 
ticles, but diatoms, blue-green algae, red algae, and debris were also present. It is suggested 
that entrapment of carbonate particles by the mucilaginous sheaths of the filaments and sea- 
sonal growth of the mounds account for the bands of algae and particles. 


AGGREGATIONS of aquatic plants to form spheres, domes, or turfs have 
been reported from time to time for freshwater, estuarine, and marine taxa 
in warm and cold latitudes. Most of the aggregations were small spheres 
primarily composed of a single species of filamentous green algae, but others 
were red algae (Dawes, 1974), blue-green algae (Golubic, 1961), tubular 
green algae (Vadas and Beal, 1987), or seagrasses (Essig, 1948) of one or 
more species. The structures have been labelled lake balls, seaballs, algal 
ropes, Seekndédel, turf formers, and aggregated mat algae. 

During a hydrobiological study of the permanently hypersaline Pond 0 
of the Shark Bay Salt solar saltworks on the shores of Shark Bay, Western 
Australia (26.18.18 South, 113.19.75 East), two of us (J.S.D. and J.E.M.) 
found several hundred green balls and brown balls composed of Cladophora 
sp. filaments floating in shallow water (10 cm or less) and rolling on the 
bottom, and similar-sized brown Cladophora balls 5 to 10 cm beyond the 
waters’ edge, and several hundred brown mounds of intertwined Phormi- 
dium sp. filaments securely attached to submerged rocks in the same loca- 
tion. The balls and mounds were found only in a small bay on the southwest 
side of the pond that is subjected to gentle wave action during all seasons. 
Water at the collection site was clear, 28° C, and close to saturation with 
calcium carbonate. 
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Water levels in Pond O are maintained at constant depths (60—80 cm at 
summer low to 80—100 cm at winter full level), waterflow through the pond 
occurs mainly in the summer, and salinities vary from 1.5 times that of 
seawater in the winter to 1.7 times that of seawater in the summer. The 
lowest salinities occur in the winters and the highest in the summers. When 
salinity values are highest, only stunted Polysiphonia sp. plants are present, 
and many of the seaweeds that grow in Shark Bay are excluded. Numerous 
small fish, amphipods, and molluscs are common in the water of Pond O at 
the collection site. 

We report our observations on the Cladophora balls and Phormidium 
mounds and the organisms associated with them. To the best of our knowl- 
edge, neither structure has been previously reported from permanently hy- 
persaline water. 


MATERIALS AND METHODS—Specimens were collected in midsummer (January, 1995), 
placed in 3% formaldehyde in water of the collection site, and transported to the laboratory in 
Gainesville, Florida. Live specimens were also examined and studied within two hours of 
collection at the laboratory in Useless Loop. 

To facilitate diatom identifications, samples of the balls and mounds were boiled in an 
H,O, and K,Cr,O, solution to remove organic matter. The cleaned material was subsequently 
rinsed with 4 to 5 changes of distilled water. Carbonate was dissolved by slowly adding con- 
centrated HCl to the subsamples and again rinsing with 4 to 5 changes of distilled water. 
Permanent slides were prepared for study by mounting the cleaned material in Hyrax mounting 
medium. Diatoms were identified and enumerated at 1,000X magnification. Percent composition 
of the diatom taxa was determined by counting 500 valves from the ball samples and 500 from 
the mound samples. 


RESULTS—Cladophora balls—Cladophora balls are spherical to ovoid, 
from 1.5 to 2 cm in diameter, are soft to the touch and consist of densely 
interlaced filaments. Gas bubbles entrapped among the filaments enabled 
most of the structures to float. Dissected green balls yielded numerous at- 
tached and entrapped diatoms and carbonate crystals and occasional trapped 
foraminifera, ostracods, nematodes, and dinoflagellates. Median sections 
through the balls verified that the structures consisted almost entirely of a 
richly-branched species of Cladophora similar in cell dimensions and 
branching pattern to the commonly-occurring taxon in the more saline ponds 
downstream to Pond 0. In this taxon zoospore production is common, 
branches always grow from apical parts of a cell (and towards the apex of 
the thallus), and the rarely occurring rhizoids grow from the basal part (and 
towards the base of the thallus). 

However, Cladophora in the balls produced numerous rhizoids, filament 
reproduction did not involve zoospores (e.g., no exit papillae or empty cells), 
and branches grew from cell apices, centers and bases. The sparsely pig- 
mented rhizoids originated from either pole, centers, or bases of filament 
cells and terminated in haptera-like structures with 4 to 6 branches, each 
with an attaching disk at the apex. Rhizoid production from the cells inter- 
laced the filaments to form compact structures. 
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At the center of each Cladophora ball, a shell or rock fragment was 
thickly covered on all surfaces with the terminal parts of strongly adherent 
Cladophora rhizoids. The fragments also furnished attachment for several 
Polysiphonia and Rhizoclonium plants; both were brightly pigmented with 
many rhizoids, but they grew only a few mm beyond their bases. Also 
attached to the central fragment and the lowermost cells of the Cladophora 
filaments were numerous, brightly pigmented Phormidium and Calothrix sp. 
specimens; the latter often occurred in dense tufts. 

Of the 8 diatom taxa found within the balls, several small (less than 10 
wm long) unidentified species of Achnanthes sp. and Amphora sp. were the 
most abundant (87.2% of 500 valves), but Cocconeis sp. (4.6%), Mastogloia 
sp. (1%), Navicula sp. (0.6%), Nitzschia sp. (6.2%), Pleurosigma sp. (0.2%), 
and Rhopalodia sp. (0.2%) were also represented. 


Phormidium mounds—These symmetrical structures were low domes, 
with a base diameter of 1 to 7 cm and a height of 1 to 3 cm. Mounds were 
slippery to the touch and sufficiently firm to resist crushing by thumb and 
forefinger pressure. When removed from their substrata, the mounds left bare 
areas on the rocks. 

A typical mound was 3.5 cm in diameter and 1.4 cm tall. When cut 
vertically in half, two to four alternating layers mainly of Phormidium and 
carbonate particles were revealed in most mounds. Diatoms and most cy- 
anophytes within the layers were brightly pigmented. In mounds with four 
layers, the | mm-thick outermost layer that provided the mounds’ brown 
appearance was composed mainly of Phormidium filaments with thin sheaths 
extending beyond the terminal cells. Individual cells were pale blue-green, 
16-20 wm wide and 40-50 pm long; in small masses the cells were orange- 
brown. Filaments were tightly interwoven, but the sheaths of adjacent fila- 
ments were not confluent. 

Hyaline branches of Polysiphonia plants just below the surface were 
interspersed among the Phormidium filaments. Numerous small carbonate 
crystals (vigorous bubbling with dilute HCI solution) were scattered among 
the filaments, and many diatoms, mollusc fecal pellets, bacteria, and debris 
were present. The 2-mm second layer was white and composed mainly of 
loosely interwoven pale yellow Phormidium filaments interspersed with car- 
bonate crystals considerably larger and more numerous than those of the 
outermost layer. 

The 3-mm third layer was green, mainly of Phormidium, diatoms, car- 
bonate crystals and fecal pellets. Some bright blue-green, spherical to ovoid 
unicellular cyanophytes in a common envelope contributed color to the layer. 
Several small hyaline Polysiphonia plants with numerous rhizoids and at- 
tached tufts of Calothrix filaments occurred in this layer. The simple (not 
branched) rhizoids had tips densely filled with cytoplasm. 

The 8-mm fourth layer was white, mainly of diatoms and carbonate 
crystals held together by loosely entangled Phormidium filaments and bases 
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of hyaline Polysiphonia plants. Of the 11 diatom taxa that occurred in each 
layer, Mastogloia pumila (Grunow) Cleve 1895, and M. pusilla Grunow 
1878 were the most abundant (74.5% of 500 valves), but Cocconeis (7.1%), 
Amphora (6.4%), Navicula (4.3%), Achnanthes (3.5%), Nitzschia (2.1%), 
Rhopalodia (1.4%), Pleurosigma (0.7%), Surirella (0.1%), and Paralia 
(0.1%) were also present. Mounds that were allowed to dry in the air of the 
laboratory became hard, brown disks 1-2 cm in diameter and 1 mm in 
thickness. 


DiscussioN—Cladophora balls—Most reports on sea and lake balls 
agree that the shapes are formed where the bottom is relatively firm and 
there is a gentle movement of the water leading to a constant back and forth 
rolling (Acton, 1916; Golubic, 1961; Gordon et al., 1985; Zederbauer, 1904). 
These conditions closely characterize the small bay in Pond O where the 
Cladophora balls were found. Initiation of branches from unusual sites on 
cells (bases and centers) and production of numerous rhizoids observed for 
the Pond O specimens, also would seem to result from the rolling activities 
of the structures and may be necessary for the formation of the spherical 
shapes. Because empty cells with exit papillae were never observed in the 
Cladophora balls, it is possible the rolling action may suppress reproduction 
by motile cells. In an estuary to the south of Shark Bay, reproduction by 
clumps of Cladophora was limited to vegetative processes (McComb et al., 
1981). Hydrodynamic conditions are well known to influence the structure 
and reproduction of this taxon (Dodds and Gudder, 1992). 

The entrapped animals, the presence of cyanophytes (Calothrix) that are 
well known for nitrogen-fixation, the brightly pigmented cells of most Cla- 
dophora filaments and other algae, and the numerous and diverse attached 
and entrapped diatoms, indicate that the balls are self-sufficient systems. 
Because the waters of Shark Bay are nutrient poor (Smith and Atkinson, 
1984) and because structures composed of interwoven filaments may be 
better able to withstand grazing and desiccation (Hay, 1981) than those of 
the typical shape, the ball-like shape of Cladophora filaments that house a 
diverse assemblage of organisms may be favored over the usual habit of this 
taxon. 

Absence of Cladophora balls at the lower salinities near the intake of 
Pond O and the common occurrences of all the organisms that compose the 
spheres in the downstream (more saline) ponds of the saltworks may indicate 
that the taxa composing the spheres are adapted to habitats hypersaline to 
the locality where they were found. Many species of diatoms reported by 
John (1990) from the nearby stromatolites in the hypersaline Hamelin Pool 
were observed in the Cladophora balls. 


Phormidium mounds—Polysiphonia plants probably furnished substrata 
for strands of Phormidium that grew, entangled, entrapped particles and 
became mounds. Winsborough (1990) and McNamara (1992) report similar 


No. 3 1996] DAVIS ET AL.—ALGAL STRUCTURES IN HYPERSALINE WATER 173 


chains of events that resulted in production of Phormidium mounds in fresh- 
water environments and stromatolites in Hamelin Pool, respectively. 

The several distinct layers in each Phormidium mound suggest radial 
growth and particle entrapment by filaments during certain seasons. Although 
we have not previously observed the Phormidium mounds in Pond 0, we 
believe summer proliferation of the filaments, and winter entrapment of par- 
ticles by filament sheaths when life processes of most organisms in the pond 
are depressed (pers. observ.), could account for the radial growth of the 
mounds. Davis and co-workers (1989) observed increased growth of Phor- 
midium in a tufa deposit during the summer months, and Pentecost (1988) 
reported radial growth of calcified Homoeothrix colonies that displayed bands 
resulting from different growth rates in the summers and winters. 
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ABSTRACT: Two chelating agents, chromotropic acid and dithiooxamide, were loaded onto 
Amberlite® IR-45 anion exchange resin, and Amberlite® IR-120 cation exchange resin, respec- 
tively. The two agents were used to extract heavy metal ions (cadmium, copper, and lead) from 
aqueous solutions (deionized, tap, and artificial seawater). Chromotropic acid was used for 
removal of lithophilic metals that favor coordination to oxygen donors, whereas dithiooxamide 
was used for removal of chalcogenides, those metals that favor coordination to sulfur. The 
effectiveness of removal was measured as percent removal and as the calculated partition 
coefficient. Their efficiencies varied with initial pH of the medium. All metals were analyzed 
by atomic absorption spectrometry. 


CONCERN over the presence of heavy metal pollutants in the environment 
is not new in Florida and elsewhere. For decades, unwanted metal impurities 
have been turning up in the environment from a variety of industrial and 
commercial sources. Removal of heavy metals has attracted considerable 
interest for several applications, including improved analyses (concentration 
of metals from dilute solutions such as sea water), economy, remediation, 
and general concern for eliminating noxious metals from waters that may 
enter natural waters. Using supported chelators for this purpose offers at- 
tractive features. The method provides favorable equilibria for removal, plus 
convenience and ease of separation. We can also design ligands for specific 
purposes, such as the use of sulfur donors for class b metals or oxygen or 
nitrogen donors for class a metals (Ahrland, et al., 1958) . In addition, a 
wide variety of supports are available, which provide an array of choices 
for attaching the ligand. Silica gel possesses a number of properties useful 
in metal extraction (Hill, 1973). 

The use of polymeric reagents is also a popular technique for the prep- 
aration of supported chelators, and has many other applications as well (War- 
shawski, 1974). Kraus and Patchornik (1979) described several advantages 
to this type of technique. Polymers can act as an immobilizing medium so 
reactions on their surfaces can be done at high concentrations without con- 
cern for cross-reactions of supported reagent molecules. The use of ion- 
exchange resins as supports for chelators that can be derivatized or rendered 
as ions appears equally versatile (Lee, et al., 1976). A chelating agent is 
dissolved in a medium, and if need be, the pH is adjusted, to render an ionic 
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species, which can in turn be secured to an appropriate ion exchange resin. 
The two ion-exchange resins used in this study demonstrate the versatility 
of this technique. 

The resin IR-45, an alkylammonium hydroxide, RNH,OH, is an anion- 
exchange resin in the hydroxide form. In solution, the hydroxide can be 
exchanged for other anions as shown below, where HCh represents a che- 
lating agent, and NaCh is the sodium salt (Eqn 1). 


RNELOH + NaCh > RNEH,Ch + Na* + OH (1) 


The resin IR-120, an alkylsulfonic acid, RSO;H, is a cation-exchange resin 
in the free acid form. The protonated sulfonate residue can lose a proton 
and take on another cation (Eqn 2). 


RSO,;H + HCht > RSO,Ch- + 2H* (2) 


Lee and coworkers (1978) used this technique to load a number of 
chelating agents, among them, chromotropic acid, onto the ion exchange 
resin Dowex® 1-X8 (chloride form). They found two immediate advantages 
to this technique. The composites were easy to prepare, and loading of metal 
onto the supported chelating agent was clearly visible due to a color change 
in the resin. 

The present study focuses upon use of dithiooxamide, H,NC(S) 
C(S)NH,. Dithiooxamides are effective chelating agents, with sulfur and 
nitrogen donor atoms (Chalk and Smith, 1954; Watson and Loane, 1949). 
They form insoluble precipitates, and they have been used in analytical 
chemistry for determination of specific metals (Feigl, 1954; Welcher, 1948). 
They are known to form neutral 1:1 complexes (Anon.,1959). Though some 
complexes are quite stable, others have a tendency to decompose to form 
the metal sulfide (cf. Ray and Ray, 1926; Anon, 1959). The extent to which 
this tendency could be a serious problem in remediation remains to be de- 
termined. 

It is clear that the use of supported chelators can prove to be a very 
versatile technique. The choices and availabilities of solid support, chelating 
agent and mode of attachment seem to be endless. Certainly, the opportunity 
exists to study the factors that are involved in the proper selection, prepa- 
ration, and application of supported chelating agents. 


MATERIALS AND METHODS—Materials—Cadmium, copper, and lead standard reference so- 
lutions and reagent grade phosphoric and nitric acids were purchased from Fisher Scientific. 
Reagent grade ammonia and sodium hydroxide were obtained from Fisher Scientific. The ion 
exchange resins IR-120 and IR-45 and the dithiooxamide used in this study were obtained from 
Mallinckrodt. All other chemicals used in these studies were available in the laboratory. All 
reagents were used without further purification. 

An amount (111 grams) of Marine Mix® was weighed and dissolved in 3 liters of deionized 
water, according to Eng-Wilmot (1978). This solution was used as a medium (along with 
deionized water, and tap water) from which to extract metal ions. 


176 FLORIDA SCIENTIST [VOL. 59 


Glassware preparation—All glassware (e.g., volumetric) to be rendered metal-free was 
rinsed thoroughly with deionized water, rinsed with | M nitric acid, rinsed again with deionized 
water, and allowed to air dry. All other glassware was washed with soap and water, rinsed with 
1 M nitric acid, rinsed thoroughly in deionized water, then oven-dried at 85° for one hour. Oven- 
dried glassware was allowed to cool to room temperature before use. 


Preparation of Amberlite® IR-45-supported chromotropic acid (cf. Lee et al., 1976)— 
Chromotropic acid (6.4 g, ~2 meq/g) was dissolved in 300 mL of deionized water. (300 mL), 
and sodium hydroxide (0.2 M ) was added dropwise carefully until the solution tested slightly 
basic to pH paper. Then, Amberlite® IR-45 anion-exchange resin (20.0 g.) was added while 
stirring. The mixture was allowed to stir until the supernatant above the resin was clear in 
color, indicating complete loading of the chelator. The loaded resin was then recovered and 
placed on a watch glass to air dry overnight. 


Preparation of Amberlite®R-120-supported dithiooxamide—Dithiooxamide (2.4 grams, 2 
meq/g), was dissolved in water and loaded using the column method of Lee and co-workers 
(1977). Dithiooxamide suspended in 300 mL of deionized water was treated with dilute nitric 
acid (0.2 M), which was added dropwise carefully with stirring, until the chelator completely 
dissolved. The solution was then slowly poured through a glass column (2.1 35 mm) con- 
taining Amberlite® IR-120 cation exchange resin (20 grams) and allowed to elute at a rate of 
approximately 3 mL/minute. Clear eluant indicated that the chelator had loaded onto the resin. 
The loaded resin was then recovered from the column and allowed to air dry on a watch glass 
overnight. 


Extraction and analysis of metals from aqueous media using ion-exchange resin-supported 
chelating agents—Metal extraction was carried out by application of previously-prepared agents 
to standard solutions of cadmium, copper, or lead. Metal solutions of known initial pH (5, 6, 
7, 8) were prepared by spiking 600 mL of water with metal standard and adjusting the pH of 
the metal solution with 0.2 M nitric acid or sodium hydroxide. The pH was monitored using 
an Orion EA-980 IonAnalyzer and a glass electrode. Then known masses (1.0 g) of supported 
chelator were washed, oven-dried, and cooled in 250-mL Erlenmeyer flasks, and the solids were 
each treated with 50 mL milliliters of a solution containing a known concentration (1—3 ppm) 
of metal ion at a known initial pH. Samples (in triplicate) were placed in a Forma Scientific 
shaker bath. The shaker was set at a speed setting of 5 (about one swirl per second), and the 
samples were shaken for one hour, after which time, the supernatants of the samples were 
recovered, acidified with 2 drops of 0.2 M nitric acid, and analyzed for remaining metal content. 
Cadmium, copper and lead concentrations were determined by atomic absorption analysis. 


Atomic absorption analysis of supernatants—After each extraction experiment, all aliquots 
collected were analyzed by atomic absorption spectrometry at 324.7 nm (for copper), 228.8 nm 
(for cadmium), or 283 nm (for lead). The appropriate Perkin-Elmer hollow cathode lamp served 
as the source. Atomic absorption standard solutions (nitrate salt, 1000 ppm metal ion in nitric 
acid, Fisher Scientific) were diluted to give solutions within the optimum range for flame atomic 
absorption analysis. These ranges were 0.05—2 ppm for cadmium, 0-10 ppm for lead, and O0-— 
20 ppm for copper. The metal concentrations in each of the samples were determined by 
interpolation of the sample absorptions on a standard curve derived by using Cricket Graph® 
software from three previously prepared standard solutions dissolved in 0.1 M nitric acid. The 
extent of metal extraction was determined as percentage extraction compared with the concen- 
tration of an unextracted aliquot of the same metal sample, as determined by interpolation on 
the same standard curve. 


RESULTS AND DiscusslON—The structures of the two chief agents used 
in the ion-exchange studies are shown (Fig. 1). Chromotropic acid was used 
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Fic. 1. Structures of chromatropic acid (left) and dithiooxamide (right). 


for comparison with previous results, and dithiooxamide was used to test 
for efficacy of removing class b or “‘soft’” metals (Misono, et al., 1967) from 
aqueous solution by coordination through two sulfur atoms. The molecule 
could easily be protonated in acid solution and loaded onto a cation-ex- 
change resin. The ammonium moiety is the portion of the molecule that 
bears the positive charge upon protonation, keeping the sulfur atoms avail- 
able for coordination with metal ions. 


Extraction of metals from deionized water—The percentage extraction 
was calculated and used as the parameter to measure the extraction efficiency 
at each selected pH. Another means of describing the efficiency of loading 
a particular metal ion onto a specific supported chelator is the partition 
coefficient (Eqn.3). The simplicity of the batch technique is 


P = (mg element / g substrate)/(mg element / g solution) (3) 


useful for surveying supported chelators, as it does not depend upon flow 
rates or column dimnensions. The only parameters are contact tinme and the 
speed at which the samples were shaken, both of which were kept the same 
throughout. 

Results of metal extraction from deionized water using IR-45 supported 
chromotropic acid are summarized in Table 1. Cadmium extraction was fair- 
ly consistent over all pH ranges studied; it was successfully extracted in 
most cases in excess of 95%, and with P values approaching infinity. Copper 
extraction peaked at a pH of 6. Lead showed a high extraction at pH 6, but 
peaked at pH 7. Copper and lead were less efficiently extracted at pH 8, 
probably due to hydroxide or oxide formation, either in solution or in the 
flame of the spectrometer. 

Extraction of metals from deionized water with IR-120 supported di- 
thiooxamide was carried out in the same fashion as the extractions with the 
supported chromotropic acid (Table 2). All of the applied cadmium and 
almost all the copper was extracted, virtually independently of the pH of 
the metal solution. Lead was also effectively extracted (90% at pH 6 and 
100% at pH 7). Hydroxide formation probably accounts for the decrease in 
extraction efficiency above pH 7. Supported dithiooxamide extracted cad- 
mium and copper preferentially to lead at higher pH. 

A series of blanks was studied (Norris, 1995). Samples of similar mass 
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TABLE 1. Extraction of Selected Metals by IR-45-Supported Chromotropic Acid From 
Environmental Media at Controlled pH. 


Deionized Water Tap Water Sea Water 

Metal pH %Extn P %Extn Pp %Extn Pp 
Cd 5 96.2 89.2 19.4 EA 69.6 11.4 
Cd 6 99.2 1470 27.2 2.20 52.3 6.18 
Cd i 9522) 485 ZENS) 1.70 85.8 30.2 
Cd 8 99.9 4010 24.4 1.61 86.7 32.6 
Cu 5) 54.5 5.99 58.3 6.98 42.9 BH) 
Cu 6 64.5 9.09 66.7 9.81 63.9 8.83 
Cu 7 62.8 8.44 Sel 4.55 41.0 3.48 
Cu 8 47.9 4.59 56.6 6.52 62.8 8.45 
Pb 3) 46.8 4.41 21.5 137 5.09 0.749 
Pb 6 87.9 36.6 219 1.59 14.2 0.827 
Pb 7 92.9 65.1 22.0 1.41 8.60 0.126 
Pb 8 60.3 7.61 22:5 1.45 17.0 0.944 


were used, and similar concentrations of metal were extracted for the same 
time period. Cadmium and copper were extracted by IR-45 relatively in- 
dependently of pH (6-8); the extraction efficiency for cadmium was 30— 
40%, but only 3—15% for copper. Lead was extracted with efficiencies rang- 
ing from 23-66%, generally decreasing with increasing pH. This decrease 
is most obvious at about pH 8, at which pH lead begins to precipitate con- 
siderably as the hydroxide. 

Also, the effect of plain IR-120 was considered. This is a cation-ex- 
change resin; therefore, it was expected to extract metals to some extent. 
Improvement in metal extraction was noted in all cases where [R-120— 
supported dithiooxamide was used in deionized water. This was especially 


TABLE 2. Extraction of Selected Metals by IR-120-Supported Dithiooxamide From Envi- 
ronmental Media at Controlled pH. 


Deionized Water Tap Water Sea Water 
Metal pH %Extn P %Extn Pp %Extn 12 
Cd 5 100 oo 100 00 30.3 Pell T/ 
Cd 6 100 oo 100 o B9%9) B32 
Cd 7 100 00 100 20 44.4 3199 
Cd 8 100 oo 100 00 31.9 2.34 
Cu 5) 100 20 100 20 0.00 0.057 
Cu 6 100 oo 100 o 0.00 0.147 
Cu 7 89.1 40.7 100 20 5.62 0.278 
Cu 8 94.5 86.8 100 00 1.92 0.098 
Pb 5 53:1 5.66 Tat 13.3 0) 0) 
Pb 6 89.9 44.2 66.0 9.72 8.24 0.451 
Pb i 100 00 57.8 6.86 6.47 0.346 
Pb 8 41.6 3.56 62.3 8.24 8.59 0.470 
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true in the case of cadmium, where the improvement was on the order of 
ten-fold over extraction with just the resin itself. The IR-120 alone was able 
to extract on the order of 10% of the cadmium, 100% of the copper, and 
about 30-50% of the lead, depending on the pH of the solution. 

Some of the results can be appreciated in terms of metal ion classifi- 
cation (Ahrland et al., 1958) that suggests class a metal ions coordinate 
preferentially with oxygen or oxygen-nitrogen donors, and class b metal ions 
coordinate preferentially with sulfur or phosphorus donors. Misono and co- 
workers (1967) classified metal ions on the basis of a parameter Y, for which 
class a metal ions had values of <2.8 and class b ions had values >3.2. The 
values pertinent to this study are: Cu** (2.89, borderline), Cd?* (3.04, class 
b), and Pb** (3.58, class b). These values help explain why cadmium and 
lead would be favorably extracted by dithiooxamide, and perhaps copper 
less favorably so; presumably the lesser success in extracting lead is because 
of competition with insoluble lead hydroxide. Chromotropic acid, however, 
followed the same extraction efficiency order (even adjusted for blanks). 


Extraction of metals from tap water—Cadmium and lead proved more 
difficult to extract from tap water using IR-45 supported chromotropic acid. 
Only 20—25% of the metals were extracted, regardless of initial pH. Extrac- 
tion of metals from tap water was more effective using IR-120-supported 
dithiooxamide. All of the cadmium and copper, and over 90% of the lead 
was extracted over the pH range studied. 

The extraction of cadmium, copper, and lead from tap water with IR-45 
alone (Norris, 1995) had maxima at different pH. Copper was extracted least 
effectively (8—16%) with maximum extraction at pH 6, just as in the deion- 
ized water study. In fact, except for the actual percentage values, the shapes 
of the two extraction profiles for copper in deionized vs. tap water are very 
similar. Lead extraction from tap water (46-55%) showed a maximum at a 
pH of 7—7.5. Cadmium extraction (29-43%) appeared to increase steadily 
with pH (5-8). The order of extraction of these metals by IR-45 alone from 
tap water was the same as that in deionized water (Pb?* > Cd?* > Cu?’*). 

Metal extraction by IR-120 alone in tap water (Norris, 1995) had the 
same order as in deionized water: Cu** > Pb?* > Cd?*. Copper was ex- 
tracted completely from tap water at all pH values studied. Lead was ex- 
tracted well (80%) at pH 5 and 6; the percentage dropped to about 65% for 
pH 7 and 8. Cadmium was extracted only slightly (5—10%) regardless of pH. 


Extraction of metals from artificial seawater—Extraction of cadmium, 
copper, and lead was tried in artificial seawater representative of estuarine 
or nearshore (salinity ca 28 parts per thousand) ocean water, and the results 
were disappointing. Using IR-120-supported dithiooxamide, less than 10% 
of lead and copper were extracted , and cadmium extraction was only 30— 
45%. Extraction was much more efficient in both deionized and tap water, 
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possibly because of competitive complexation by the anions present in ar- 
tificial seawater (Martin, 1971). 

Results with blanks (Norris, 1995) were disappointing. Lead was ex- 
tracted much more efficiently by the ion-exchange resin alone (about 60%) 
than by the supported chelator (5—15%). Cadmium showed somewhat im- 
proved extraction by the supported chelator. Copper extraction was also 
markedly improved by the supported chelator (from 15% to roughly 50— 
60%). 

The IR-120 resin alone was less successful . At each pH studied, copper 
extraction remained at about 25%, and cadmium extraction stayed at roughly 
5% or less. Lead extraction between pH 5 and 7 began at about 30% and 
decreased almost linearly to near zero by pH 7 (Norris, 1995). 

The percent lead and cadmium extracted was better for the blank than 
for IR-120 supported dithiooxamide, but more copper was extracted (from 
20-25% to 30-45% depending on the solution pH) upon addition of the 
supported chelator to the resin. The reduced success in extraction of sea 
water samples was not noted by Lee and coworkers (1978), who looked at 
simple aqueous samples. 

Clearly, there is room for improvement, but the work shows a high 
degree of success with cadmium. Work with deionized and tap water samples 
indicate promise for the use of supported dithiooxamides, especially since 
we did not note any decomposition during the experiments. The situation 
outside could be another matter, of course, but the decomposition products 
would be highly insoluble products of corresponding low toxicity. 


ACKNOWLEDGMENT—We are grateful for the helpful comments by Barbara B. Martin. We 
are grateful to Professor Leon Mandell for serving as Consulting Editor. 


LITERATURE CITED 


ANON. 1959. Dithiooxamide and its N, N’ substituted derivatives. Mallinckrodt Chemical 
Works, St. Louis. 

AHRLAND, S., J. CHATT, AND N. DAvies. 1958. The relative affinities of ligand atoms for acceptor 
molecules and ions. Quart. Revs. (London) 12: 265-300. 

CHALK, A. J. AND J. E Smitu. 1954. Effect of chelating agents on heavy metal catalysis. Nature 
174:802. 

ENG-WiLmoT, D. 1978. Doctoral dissertation. University of South Florida, Tampa. 

FEIGL, E 1954. Spot Tests.v. I, 4th ed. ( trans by R. E. Osper), Elsevier Publishing Co., New 
York, NY. 

Kraus, M. AND A. PATCHORNIK. 1979. Polymeric reagents. Chemtech. 9, 118-128. 

Lee, D. W. AND M. HALMANN. 1976. Separation of nickel(II) by dimethylglyoxime-treated poly- 
urethane foam. Anal. Chem. 48(14), 2214-18. 

Lee, K. S., W. LEE, AND D. W. LEE. 1978. Selective separation of metal ions by a chelating 
agent-loaded anion exchanger. Anal. Chem. 50(2), 255-8. 

Martin, D. E 1970. Marine Chemistry. Vol 2. Theory and Applications. Dekker, New York, NY. 

Norris, C. D. 1995. Doctoral dissertation, University of South Florida, Tampa. 

Misono, M., E. OcHaAI, Y. SAITO, AND Y. YONEDA. 1967. A new dual parameter scale for the 
strength of Lewis acids and bases with the evaluation of their softness. J. Inorg. Nucl. 
Chem., 2685-2691. 


No. 3 1996] NORRIS ET AL—METAL EXTRACTION WITH SUPPORTED CHELATORS 181 


Ray, P. AND R. M. Ray. 1926. Metallic compounds of rubeanic acid. Quart. J. Indian Chem. 
Soc. 3, 118-126. 

WARSHAWSKY, A. 1974. Polystyrene impregnated with B-diphenylglyoxime, a selective reagent 
for palladium. Talanta, 21, 624-6. 

WATSON , R. W. AND C. M. LOANE. 1949. U. S. Patent No. 2,484,257. 

WELCHER, F. J. 1948. Organic Analytical Reagents, Vol. [V. Van Nostrand, New York, NY. 


Florida Scient. 59(3): 174-181. 1996 
Accepted: March 27, 1996. 


BOOKS RECEIVED 


(Continued from page 204) 


Menninger K., Number Words and Number Symbols, Dover. 1992 (1898). 
petit 46/-ebrice: $14.95. 


Bildstein, K.L., White Ibis, Smithsonian. 1993. Pp. 1 + 226. Price: $22.50 
(cloth). 


Larson, R., Swamp Song, University Press of Florida. 1995. Pp. xviiit+ 188. 
Price: $19.95 (paper). 


Heyer R., Donnelly M.A., McDiarmid R.W., Hayek L.C., Foster M.S., Mea- 
suring and Monitoring Biological Diversity, Smithsonian. 1994. Pp. xix 
es See niCesn) (paper). 


Forrester, D.J., Parasites and Diseases of Wild Mammals in Florida, Uni- 
versity Press of Florida. 1992. Pp. i + 413. Price: $59.95 (cloth). 


Christianson, G.E., Edwin Hubble /Mariner of the Nebulae, Farrar, Straus, 
Giroux. 1995. Pp. iii + 359. Price: $27.50. 


Platt, R., JOOI Questions Answered About Trees, Dover. 1987 (1894). Pp. 1 
+ 318. Price: $7.95. 


Colonial Dames of America, Herbs and Herb Lore in Colonial America, 
Dovers1995= Ppa, 712 Prices $3195 (Paper): 


Morawetz, H., Polymers/ The Origins and Growth of a Science, Dover. 1985. 
Pp exivect 253. brice: pile 5. 


Helfferich, E, Jon Exchange, Dover. 1995. Pp. v + 590. Price: $17.95. 


Brodkey, R.S., The Phenomena of Fluid Motions, Dover. 1995 (1967). Pp. 
Will =P (Qs/e leaves yA). 


Biological Sciences 


SEED PRODUCTION IN DIOECIOUS PISTILLATE 
HYDRILLA PLANTS USING POLLEN DONORS FROM 
MONOECIOUS RACES 


KERRY K. STEWARD 


Aquatic Weed Research, U.S. Dept. Agriculture, Agric. Research Service, 3205 College Ave., 
Fort Lauderdale, FL 33314 (U.S.A.) 


ABSTRACT: The compatibility between monoecious pollen donors and dioecious egg donors 
was evaluated in an international hydrilla [Hydrilla verticillata (L.F.) Royle] germplasm col- 
lection. Seed were produced in 46 of the 48 crosses between four dioecious pistillate plants 
and pollen donors from twelve monoecious plants. Viable progeny resulted from 30 of the 
crosses. Seed numbers varied from 4076 in the cross between the dioecious egg donor from 
Jaipur, India and the monoecious pollen donor from Pangalengan, Java to none in two of the 
crosses. Seed germination varied from 0% to 55%. There was considerable variability in the 
fitness of the progeny. The results of this study confirm the observations of an earlier study: 
that pollen from monoecious donors is viable and capable of interaction with dioecious egg 
donors to produce viable progeny. 


DIoeEcious pistillate hydrilla, introduced in the U.S. about 1955 (Schmitz 
et al., 1990), has colonized predominantly the warmer regions of the country. 
This has occurred through clonal expansion since sexual reproduction had 
not been known. The potential for sexual reproduction has recently been 
demonstrated (Steward, 1993) in this dioecious race as well as in other 
dioecious and monoecious races of an international hydrilla germplasm col- 
lection. 

Viable seed were produced in Steward’s (1993) crosses between dioe- 
cious pistillate and staminate parents, between dioecious pistillate parents 
and a Penang Island monoecious plant as pollen donor and between this 
same monoecious pollen donor and a number of monoecious egg donors. A 
number of crosses between dioecious and monoecious parents produced no 
seed. The results of reciprocal crosses between dioecious and monoecious 
parents as well as between monoecious parents, which were not previously 
evaluated, should provide further insight into cross compatibility between 
races and the fecundity of the species in general. This study evaluated the 
compatibility of monoecious pollen donors with dioecious egg donors within 
our collection and further evaluated the apparent sterility of some of the 
races. 


MATERIALS AND METHODS—Plant material—The races of hydrilla utilized in this study 
and the approximate geographical location of collection sites are shown in Table 1. Stock 
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TABLE 1. Seed production and germination from crosses of dioecious and monecious races 
of hydrilla in the ARS Fort Lauderdale collection. 


Egg donor 
Race! Location Flower* FL JP ND RJ 
Germination % 
(90 days) 

Dyke Marsh, VA (DM) 38 N 77 W PS 21 2 O 0) 
Florida (FL) 26 N 80 W P 

Jaipur, India (JP) 27N T6E P 

Kebun Raya, Java (KB) 6S 106 E PS 333}, By 13 55) 
Kunming, China (KM) 25 N 102 E PS — 6 6) 10 
Lake Curug, Java (LC) 7S 107 E PS 18 DZ 0) 10 
New Delhi, India (ND) 28 N T1E P 

New Guinea (NG) 6S 144 E PS SS) WA 4 4 
Nepal (NP) 28 N 85 E PS DPD, » Sp) 9 Di 
Pangalengan, Java (PN) 7S 107 E PS 15 43 19 ==) 
Cairn, Queensland, Aust. (QN) 17S 145 E PS (0) (0) 6) 5 
Rajasthan, India (RJ) 28 N 13E P 

Rawa Pening, Java (RP) 7138 106 E PS Zak NG) 2S 36 
Rawalpindi, Pakistan (RW) 33 N 73 E PS 0 0) — O 
Seoul, Korea (SL) 37 N (275E: PS 2 4 0 3} 
Tainan, Taiwan (TN) 23 N 120 E PS 7 AKO) 1 1 


' See Steward, 1993 for details of origins. 
? Dioecious P = pistillate, PS = monoecious. 
3 A dash indicates that no seeds were produced. 


cultures of the races were maintained in aquaria on the grounds of the research facility in Ft. 
Lauderdale, FL. 

Inspections, conducted monthly from the time of acquisition, determined the sexual mor- 
phology of the races. Experiments were conducted outside from 29 July to 20 Nov. 1991 in 
concrete aquaria 219 cm long, 77 cm wide and 65 cm deep and of approximately 1000 liters 
capacity. Individual aquaria were subdivided into four compartments (55 cm by 77 cm) by 
suspending | mm mesh fiberglass screening on flat metal bars from the edge of the aquaria. 
The screening was weighted at the bottom and fit tightly against the sides and bottom to prevent 
escape and mixing of plant material. The aquaria were also covered with | mm mesh grey 
fiberglass screening to prevent plant damage by snail-foraging birds. Natural ground water was 
supplied to individual aquaria to provide a complete volume exchange every 16+ 4 hours 
(CL.;). The quality of the aquifer supplied water was described earlier (Steward, 1984) and 
has not changed. 


Main study: Crosses between monoecious and dioecious plants—Hydrilla apical stem frag- 
ments 15 cm long from stock cultures were established, 12 per pot, in 15 cm diameter plastic 
pots containing 5% (v/v) composted cow manure in loamy sand. The crosses were accomplished 
by placing single pots of selected races next to each other in screened compartments and 
pollination was allowed to occur naturally. Four dioecious races (FL, JP, ND, RJ) were used as 
egg donors. Twelve monoecious races were used as pollen donors. The same pollen donor was 
placed in each compartment of individual aquaria to insure the integrity of the crosses. A total 
of 48 crosses was attempted using combinations of monoecious and dioecious flowering types 
(Table 1). The treatment combinations (crosses) were randomized within aquaria, except as 
noted above, with two replications. The stock cultures served as controls for seed production 
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by self pollination. None of the monoecious plants used in this study produced seed from selfing 
during the course of the study. 


Substudy: Further study of apparently sterile races.—Additional crossing trials were con- 
ducted over the same period to further evaluate the fecundity of egg donor races which were 
observed to be sterile in the previous study (Steward, 1993) The dioecious egg donors that 
were used were from Burundi, Africa, Chongqing and Guangzhou, China. The monoecious egg 
donor from Beijing, China was also used. The pollen donors were from Dyke Marsh, VA and 
Lake Anne, NC USA and from Lake Curug and Rawa Pening, Java. 


Sample and data collection—Observations of flowering, pollen distribution, apparent fer- 
tilization and fruit development were recorded weekly. Plant harvesting commenced when fruit 
development was complete and extended over the periods 21 Nov.—18 Dec., 1991. Harvested 
plants were held in water in a screened enclosure out of doors in 6 liter polyethylene containers 
until all fruits were collected and counted. Fruit were not collected until abcissed-an indication 
of maturity. Seed counts were taken from a random sample of 25 fruits from each cross. Seed 
production from crosses yielding large numbers of seeds was estimated by multiplying the 
average number of seeds per fruit from the random sample by the total number of collected 
fruits. Actual seed counts were made of lower yielding crosses. Seeds were stripped from fruits 
for duplicate germination tests over the period 20 March thru | July 92 and were observed for 
90 days. Time zero was considered to begin when seeds were stripped from fruits. For ger- 
mination, seed were held in glass containers in the laboratory in water. Because of the variability 
in seed production from the different crosses, seed germination tests were conducted with 
variable numbers of seeds. The numbers varied from one in the FL X QN and in one replication 
of the JP X RW cross and up to 500 seeds were used in one Rep. of the FL X NP cross. 
Temperature ranged from 24 to 26C. Light of approximately 10-15 wE/m/?/sec was provided 
by fluorescent ceiling fixtures and by windows. Seedlings were planted in pots, as described 
above, within 3 days of germination. Planting took place from 1 June through 23 Aug., 1992. 
After planting, seedlings were transferred to outside aquaria and observed for survival and 
growth. Seedlings from individual crosses were combined in a single container. The sex ex- 
pression of the progeny was determined by observation of the flowers during the fall and winter 
of 1992. 

Data analysis was accomplished using SAS ANOVA and GLM procedures for personal 
computers (SAS Institute Inc., Box 8000, Cary, NC 27511). 


RESULTS AND DiscUSsION—Substudy—None of the egg donors that were 
previously shown to be sterile (Steward, 1993) produced seed with the pollen 
donors used in this experiment.—Main study—Seed were produced in 46 
of the 48 crosses between four dioecious pistillate plants and pollen from 
twelve monoecious plants (Table 2). Seed germination was variable from 
highs of 55% in the RJ X PN and RJ X KB crosses to 0% in 11 of the 
crosses. Average seed germination was highest when KB and PN were pol- 
len donors (33%) with the NP and RP pollen donors following closely (27%, 
25%). None of the seeds germinated when RW was the pollen donor and 
only seeds from the RJ cross germinated when QN was the pollen donor. 
Mean seed germinability was nearly equal among egg donors (14—17%) 
except for the ND plant which was approximately one third of the others 
(5%); variability was great, however (Table 1). 

The number of seeds produced varied from a high of 4076 in the JP X 
PN cross to none in the FL X KM and ND X RW crosses (Table 2). Mean 
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TABLE 3. Net! seed production from crosses between monoecious and dioecious hydrilla 
plants. 


Dioe- 

ae Monoecious pollen donors 

donors PN? NP RP LC KB TN DM NG SL RW KM QN Ave. 
JP 1755 1847 408 34 299 23 2 8 2 0) 1 QO 365 
RJ 850 701 295 168 152 1 0) 1 1 0) 0) 1 183 
FL 52 216 403 344 142 16 6 1 1 0) 0) 0) DS) 
ND 164 7) 38 0) 66 1 0) 1 0) O 0) 0) DY) 
Ave. 705 696 286 136 165 10 2 3 1 0) 0) 0) 


' Calculated number of seed germinated (TABLE 3) from gross production (TABLE 2). 
See TABLE | for explanation of symbols. 


seed production was greatest when PN, NP, RP and LC were pollen donors. 
These same plants also produced the greatest number of fruit. Except for 
the PN plant, the number of seeds per fruit was also highest in these plants. 
The JP egg donor produced the greatest number of seeds on average and 
this was due to higher fruit production with high numbers of seeds per fruit. 
The ND egg donor had the highest average value for seeds per fruit but this 
was offset by low numbers of fruit production. In the previous study (Stew- 
ard, 1993) seed production by these same dioecious egg donors was slightly 
higher but in the same approximate order. Pollen donors were dioecious in 
that study. The fecundity of the present dioecious egg donors appears to be 
high regardless of the source of compatible pollen. 

No progeny resulted from 16 of the crosses either because seed did not 
germinate or seedlings did not survive (Tables 1,3). The most notable of this 
group were the seeds of the ND x LC cross—none of the 431 seeds ger- 
minated (a tetrazolium test for viability was negative). Several crosses pro- 
duced only small quantities of seed with low germination rates (e.g. JP X 
DM, SL, KM; RJ X TN, NG, SL, QN; FL X NG; SLE: NDUGINENG: 
Table 3). Occasionally only single seedlings survived but eventually pro- 
duced sufficient biomass to maintain a culture. The fitness of these genets 
would not seem to be high in that they might not survive in the wild. 

Monoecious progeny resulted from 24 of the 30 crosses whose seedlings 
survived (Table 4). Pistillate and staminate flowers were observed on prog- 
eny of the JP DM and ND X NP crosses, but not together on the same 
plants. Progeny from four of the crosses did not flower: FL x SL, JP x 
KM, JP x SL and ND X TN. These were from crosses in which only one 
or two seedlings survived (Table 3). These progeny have consistently ex- 
hibited very low vigor and sparse growth. 

Pistillate flowers were observed on the flowering progeny from all cross- 
es. Staminate flowers were observed on all flowering progeny except the FL 
x NG, RJ X SL and RJ X NP crosses. The plants which exhibited either 
staminate or pistillate flowers on individual plants may be dioecious or may 


No. 3 1996] STEWARD—SEED PRODUCTION IN HYDRILLA 187 


TABLE 4. Gender expression of hydrilla F-1 progeny. 


Gender 
Parents Staminate Pistillate Monoecious 
FL X DM aE - +, SD! 
FL X KB + = +,SD 
FIL, X< ILC + + +,SD 
FL X NG — + + 
FL X NP + ~ +, SD 
FL X PN + - +,SD 
FL X RP — - +,SD 
FIL, X< SIL = = = 
JP x DM + +,SD — 
JP X KB — - +,SD 
JP X KM = _ — 
JP xX LC + ~ - 
JP X NG + + +,SD 
JP X NP + - +,SD 
JP Xx PN ~ ~ +,SD 
JP X RP + ar + 
JP xX SL — — — 
JP xX TN ~ - +,SD 
ND X PN + - +,SD 
ND X TN ~ — - 
ND X KB a + +,SD 
ND X NP ~ - - 
ND X RP ~ + +,SD 
RJ x PN + - +,SD 
RJ X RP + iF +,SD 
RJ X SL — = ~ 
RJ < KB + - +,SD 
RJ X NG + + + 
RJ x LC - - +,SD 
RJ X NP — + + 


' Seed developed. 


be monoecious with the second gender flower having not yet been expressed. 
Until this expression occurs, the plants should be considered dioecious. 

Seeds developed on 18 (75%) of the monoecious progeny. Staminate 
flowers were also observed in all of these crosses so the source of the pollen 
cannot be ascertained. The source of pollen for seeds produced by the pis- 
tillate progeny of the JP X DM cross must have come from the staminate 
progeny since monoecious progeny were not observed. 

The results of this study confirm the previous observations (Steward, 
1993) that pollen from monoecious donors is viable and capable of inter- 
action with dioecious egg donors to produce viable progeny. Silvertown 
(1987 p.9, 12) defined fitness as a relative measure of evolutionary advan- 
tage, and reproduction and survival as the fundamental components. He 
Stated: “It is axiomatic that natural selection favours those genotypes which 
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leave the most descendants’’. In this study, there was considerable variability 
in the fitness of the progeny of the crosses. Fitness was high in the progeny 
of the PN, NP, RP, LC and KB pollen donors, low in the progeny of the 
RW, KM and QN pollen donors and intermediate in the remainder of the 
crosses. When considering the demonstrated fitness of most hydrilla races, 
in terms of vegetative reproduction, the ability of some of the races to also 
reproduce sexually presents the potential for some alarming management 
scenarios in weedy populations. 
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AN INTRODUCED POPULATION OF THE SOUTH 
AMERICAN CALLICHTHYID CATFISH 
HOPLOSTERNUM LITTORALE IN THE INDIAN RIVER 
LAGOON SYSTEM, FLORIDA 


LEO G. Nico, STEPHEN J. WALSH, AND ROBERT H. ROBINS 


National Biological Service, U.S. Department of the Interior, 7920 NW 71st Street, 
Gainesville, Florida 32653 


ABSTRACT: A nonindigenous population of the South American armored catfish Hoplos- 
ternum littorale (Siluriformes: Callichthyidae) was discovered in the Indian River lagoon system 
of Florida. Specimens taken during November—December 1995 represent the first record of this 
species in the United States. The Indian River population has likely undergone at least one 
successful spawning, a conclusion based, in part, on its current abundance (a minimum of 
several hundred adults), locality (far from any known fish farms), and habitat (a series of 
ditches connected to the adjacent Indian River lagoon and to extensive marsh habitat). Addi- 
tional surveying and monitoring is required to fully assess the status and impact of this species 
on the native aquatic fauna. 


A NONINDIGENOUS population of the South American callichthyid catfish 
Hoplosternum littorale (Hancock, 1828) was recently discovered in the In- 
dian River system, Brevard County, Florida (Fig. 1). We first became aware 
of the species’ presence in late November 1995 when a graduate student at 
the University of Florida requested that we identify an unusual fish (98 mm 
standard length [SL]) that was obtained from a bait and tackle shop near 
the Indian River. The fish represented one of several conspecific specimens 
taken earlier by a local fisherman while cast-netting in a brackish-water canal 
near Scottsmoor. The specimen was in relatively good condition and readily 
identifiable as Hoplosternum littorale. On 7-8 December 1995 we located 
and sampled the site where the fish had been taken by others; we captured 
33 additional specimens, some of which were transported alive to the lab- 
oratory. Two additional specimens caught in the same area were obtained 
from a local bait shop and preserved as vouchers. Herein we document the 
presence of this species in Florida, briefly summarize the literature, and 
provide preliminary information on the habitat, reproductive condition, diet, 
and status of the introduced population. 

Fishes of the family Callichthyidae, commonly known as armored or 
plated catfishes, are naturally distributed in tropical and subtropical fresh 
and brackish waters of South America and Panama (Reis, 1993; Mol, 1994). 
The family is moderately diverse with at least seven genera and more than 
150 species (Reis, 1993). Callichthyids are small bottom dwellers and many 
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Fic. 1. A pre-nuptial male Hoplosternum littorale (104 mm, SL) taken 8 December 1995 
near Scottsmoor, Indian River lagoon, Florida (UF 101748). 


are popular aquarium fishes. The largest species grow to about 24 cm and 
some of these, especially Hoplosternum littorale, are locally abundant and 
heavily exploited as human food by subsistence and commercial fishermen 
in many parts of South America (Tuma, 1978; Taphorn, 1989; Mol, 1993, 
1994; LGN, pers. obs.). Hoplosternum littorale is also raised as a food fish 
in aquaculture (e.g., FAO, 1994). Frequently used vernacular names for the 
larger species (i.e., Callichthys and Hoplosternum species) include ‘tamuata’ 
(Brazil), ‘curito’ (Venezuela), and ‘atipa‘ (Guianas). 

Hoplosternum littorale is native to lowland areas of South America from 
Venezuela, Trinidad, and the Guianas, south to Bolivia, Paraguay, and north- 
ern Argentina (from about 9° N to about 35° S latitude) (Reis, 1993; Mol, 
1994). Keys for identification of several species of Hoplosternum as well as 
illustrations of H. littorale are available in a number of publications that are 
regional in scope (e.g., Hoedeman, 1952; Taphorn, 1989). In a more com- 
prehensive taxonomic study Reis (1993) revised and reviewed the phylogeny 
of the genus and closely related groups. A synopsis of the genus Hoplos- 
ternum, including a key to the species, was recently submitted for publica- 
tion (R. E. Reis, 1995). 

Relative to the other callichthyids and most neotropical catfishes, the 
biology of H. littorale has been fairly well studied (e.g., Tuma, 1978; Ma- 
chado-Allison and Zaret, 1984; Machado-Allison, 1986; Winemiller, 1987; 
Mol, 1993, 1994, 1995). In its native range H. /ittorale is abundant in many 
freshwater habitats, typically occupying the muddy bottom of small slow- 
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moving streams, side channels, pools, marshes, and artificial habitats such 
as borrow pits. The species also commonly occurs in brackish-water marshes 
and ditches of coastal plains (Mol, 1994). Because it is an air breather , H. 
littorale is well adapted to living in stagnant, oxygen-depleted waters. Ex- 
perimental evidence also indicates that air-breathing behavior is important 
for its survival in waters high in hydrogen sulfide and low in pH (Brauner 
et al., 1995). Aerial respiration is accomplished by gulping air at the surface 
of the water and passing it to the hind gut where gas diffusion takes place 
(Gee and Graham, 1978). Several authors (Ihering cited by Tuma, 1978; 
Burgess, 1989) indicated that individuals of H. littorale, and also Callichthys 
species, have been observed to travel short distances over land, a behavior 
similar to that of the walking catfish (Clarias batrachus). Carter and Beadle 
(1931:346) noted that C. callichthys occasionally travels over grassy terrain 
from one pool to another, usually in the morning when ground vegetation 
is wet. However, movement across land by H. littorale was not discussed 
by most other researchers (e.g., Machado-Allison and Zaret, 1984; Wine- 
miller, 1987; Mol 1993, 1994, 1995). 

Hoplosternum littorale is one of the largest of the callichthyids. Maxi- 
mum reported size for the species is a male that measured 218 mm SL 
(Winemiller, 1987); the maximum recorded weight is about 200 g (Taphorn, 
1989). Individual H. littorale first become sexually mature between about 
80 and 86 mm standard length (SL), with adult males being larger on av- 
erage than females (Machado-Allison and Zaret, 1984; Winemiller, 1987; 
Mol, 1993). Natural reproduction takes place during the rainy season. As 
water levels rise, adult males move into vegetated littoral areas (e.g., Typha 
and Eleocharis marshes, rice fields) where they construct and guard floating 
nests composed of bubbles overlain by a mound of dead and dying herba- 
ceous plant material (Carter and Beadle, 1931; Machado-Allison and Zaret, 
1984; Mol, 1993, 1994). In synchrony with gonad development, adult males 
temporarily develop enlarged pectoral-fin spines covered with tubercles, and 
armed with a hook at the distal tip (Tuma, 1978; Machado-Allison and Zaret, 
1984; Winemiller, 1987; LGN, pers. obs.). During the peak of reproduction, 
the male pectoral spines are reddish colored, in contrast to the rest of the 
body which is dark green (Machado-Allison and Zaret, 1984). Breeding 
males aggressively defend their nests (Machado-Allison and Zaret, 1984; 
Mol, 1993) and aquarium observations indicate males use their modified 
spines as weapons to attack intruders (Winemiller, 1987; LGN, pers. obs.). 
Adult males and females are indistinguishable externally when not in spawn- 
ing condition. 

During the reproductive season, H. littorale females typically contain 
several thousand mature eggs (Machado-Allison and Zaret, 1984; Wine- 
miller, 1987; Mol, 1993). Because it is common for several females to de- 
posit eggs in the nest of a single male, the number of eggs among different 
nests can vary greatly. Actual counts range from 2,000 to 55,372 eggs per 
nest (Machado-Allison and Zaret, 1984; Mol, 1993, and references therein). 
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Based on monthly size-frequency data given by Winemiller (1987) and in- 
formation on fish raised in aquaria (Burgess, 1989), individuals reach a ma- 
ture size towards the end of their first year. Although spawning has been 
observed during daylight hours, other activities such as feeding, air breath- 
ing, and nest-building normally occur near dusk and during the night (Bou- 
jard et al., 1990; Mol, 1993). Larval H. littorale and the small juveniles, 
which are cryptically patterned, inhabit shallow waters where there is dense 
aquatic vegetation. Larger juveniles and adults live and forage near the soft 
mud bottom in deeper, open areas (Machado-Allison, 1986; Winemiller, 
1987). Larvae and young juveniles feed mostly on microcrustaceans and 
other small invertebrates. Older juveniles and adults feed primarily on aquat- 
ic insects, detritus, gastropods, microcrustaceans, and various algae (Macha- 
do-Allison, 1986; Winemiller, 1987; Mol, 1995). 


SITE DESCRIPTION—The Indian River system is a long, narrow estuarine lagoon, spanning 
some 200 km along the Atlantic coast of central Florida. Although freshwater inflow is minimal, 
the lagoon system is fed by several small, low gradient rivers, creeks, and ditches. The Indian 
River lagoon system is situated in the bioclimatic Transition Zone, with its northern portion 
characterized as primarily warm temperate and the southern portion primarily subtropical (My- 
ers, 1986). Surface temperatures of the lagoon waters average 11°C in winter and 31°C in 
summer (Jennings and Williams, 1992). Winters in the region are generally mild but may 
occasionally be harsh (Myers, 1986). For instance, in January 1977 and December 1989 snow 
was reported in the Indian River lagoon and water temperatures in the lagoon fell to 5°C 
(Vernstein, 1990). Maps of the area and detailed information on the biology, chemistry, geology, 
and physics of the lagoon are available in published symposia proceedings that focus on the 
Indian River lagoon (Montgomery and Smith, 1983; Smith and Turner, 1990). 

The H. littorale habitat in Scottsmoor, northern Brevard County, is located in the northern 
portion of the Indian River lagoon (28°46'14”N, 80°50'49”W). The site consists of a series of 
interconnected ditches on both sides of an unpaved road. These ditches are connected via gated 
culverts to adjacent marsh habitat, although the culvert gates were closed during our visits in 
early December 1995. The ditch system, part of a regional network of impoundments con- 
structed to control salt-marsh mosquitoes, partially encircles several hundred acres of marsh 
habitat and extends several kilometers along the northwest border of the Indian River lagoon. 
These ditches have direct connections to the main lagoon of the Indian River. In the immediate 
vicinity of Scottsmoor, the Indian River lagoon and the connected ditches and streams are 
relatively shallow; most areas are less than 1 m deep. 


MeETHODs—On 7—8 December 1995 we sampled fishes in an area of the Indian River 
lagoon system near Scottsmoor using cast nets (2.4-m diameter, 0.6-cm mesh) and a small seine 
(3X 1.8-m size with 0.5-cm mesh). All H. littorale specimens captured were either killed and 
fixed in 10% formalin or transported alive to the laboratory in Gainesville. We also preserved 
representative specimens of other fish species captured. Voucher preserved specimens of H. 
littorale are deposited in the fish collections of the Florida Museum of Natural History (UF 
101746, 101747, 101748) and the University of Michigan Museum of Zoology (UMMZ 
231955)! 

On 21 December 1995 we returned to the same site one day after a cold front had moved 
into the area (overnight air temperatures dipped below 4.5°C) to resample and search for ad- 
ditional H. littorale. On that date we also explored by canoe and foot several nearby kilometers 
of ditches, creeks, marshes, and the shore area of the main lagoon. The localities investigated 
were north and south of the original H. /ittorale site, all within an area along the western 
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portion of the Indian River lagoon from an unnamed creek about | km north of the Scottsmoor 
landing south to Big Flounder Creek. 

At the H. littorale site, we recorded water temperature (mercury thermometer), pH (ATC 
Piccolo Plus meter with an HI 1295 amplified electrode), dissolved oxygen (YSI Model 51B 
meter), conductivity (HI 9033 ATC conductivity meter), salinity (refractometer), water clarity, 
and other habitat parameters. For more accurate salinity determinations (expressed as parts per 
thousand, ppt), water samples from the site were transported in clean plastic vials to the lab- 
oratory and the ion content of subsamples was measured using a Wescor model 5500 vapor 
pressure osmometer. 

In the laboratory, standard length (SL) of each preserved and live specimen was measured 
to the nearest mm with dial calipers. Each specimen was blotted dry and weighed to the nearest 
0.01 g using an analytical balance. Preserved individuals were weighed whole and, for adjusted 
mass, were weighed with their gut, gonads, liver, and kidneys removed. For determining diet, 
we removed the entire gastrointestinal tract and examined stomach contents from 12 field- 
preserved specimens. Food items were identified to major category and frequency of occurrence, 
volume, and numbers of individuals (if appropriate) of each food type was recorded. Small 
food organisms were counted using a Ward counting wheel under 25 magnification. Volume 
of each food type was calculated by measuring dimensions or by examining the item under a 
dissecting microscope and comparing the total bulk with known volumes. An estimate of rel- 
ative stomach fullness was made using scores ranging from O (empty) to 3 (if full, or almost 
full). The relative amount of body fat associated with the viscera was also noted. 

For determining reproductive condition and sex, gonads were isolated and examined under 
a dissecting microscope. Gonads were weighed to the nearest 0.001 g with an analytical balance. 
Gonosomatic index (GSI) was calculated as (gonad weight < 100)/adjusted body mass. To 
evaluate secondary sexual character development, the length of the left, or, if damaged, the 
right pectoral-fin spine was measured to the nearest 0.1 mm in a straight line from the juncture 
of the spine with the outer body surface to the spine tip. For comparative purposes, we also 
measured the SL and pectoral-fin spine lengths of 54 H. littorale collected in South America 
and deposited in the Florida Museum of Natural History (Venezuela—UF 33922 (1), 35404 (1), 
37037 (2), 45870 (6)*, 77339 (2)*, 78080 (2)*, 80371 (1)*, 80407 (4)*, 80683 (2)*, 80799 
(1), 101149 (2); Bolivia~-UF 82488 (1), 82113 (9), 82138 (1), 82199 (3), 82512 (3), 82472 (12): 
Brazil-UF 44946 (1)*); collections marked with an asterisk contained one or more nuptial males. 


RESULTS—On 7—8 December 1995 we found 4. littorale in one of sev- 
eral sites visited in the Indian River system. A total of 33 H. littorale was 
collected (82.5—-124.7 mm SL, mean=98.8 mm SL, SD=10.12). Water in 
the larger sections of the main ditches, where H. littorale were taken, ranged 
from less than 0.1 to about 1.5 m deep and from 5 to 9 m wide. At 1545 h 
on 8 December, air temperature was 25°C, water was 23.5°C at the surface 
and 22°C at a depth of about 1 m. Salinity was 2.9 ppt. Substrate was 
composed of soft muck that had a foul odor, at least in part due to the 
presence of hydrogen sulfide. Trash was scattered in the area and there may 
have been some groundwater contamination as evidenced from discolored 
water and diseased fish. 

All Hoplosternum captured were taken 1400—1645 h with cast nets in 
areas where the water was deeper than about 0.5 m. The most efficient 
method was to toss the net where fishes were actively gulping for air at the 
water surface. Catfish completely avoided capture by a small seine, although 
many of the native fishes present were taken by this method. Many captured 
fish (especially Mugil cephalus, Poecilia latipinna, and Fundulus grandis) 
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had open sores, lesions, and eroded fins. All Hoplosternum when first taken 
from the water appeared to be in good health. 

At 1115-1130 hr on 21 December at the site where H. littorale had 
previously been captured, water and air temperature was 13°C, pH was 7.2, 
dissolved oxygen was 4.2 mg/L, and salinity was 2.2 ppt. On this date we 
did not observe air breathing or capture any H. Jittorale at the original site. 
Much of the adjacent Indian River lagoon and many of the backwater areas 
were very shallow, usually less than 0.5 m deep. Using cast nets, we sampled 
four sites that had deeper water (> 1 m) and where fish were breaking the 
surface. However, in these instances the surface activity was caused by small 
juvenile tarpon. We did not collect nor find evidence of any additional H. 
littorale. 

Of 31 H. littorale specimens examined internally, all were reproduc- 
tively quiescent and had relatively little visceral fat. Males taken from the 
Indian River lagoon ranged in size from 82.6—124.7 mm SL (mean=99.7, 
SE=2.06, n=24) and in adjusted body mass from 15.9-53.9 g (mean=31.4, 
SE=1.99), and had gonosomatic indices ranging from 0.01—0.22 
(mean=0.07, SE=0.01). Expressed as percentage of total body mass, males 
had a mean gonad mass (0.05%) that was within the range of means (0.05— 
0.09%) reported by Tuma (1978) for males captured in Brazil during non- 
reproductive months. Testes of most Florida males appeared as thin, white, 
ribbon-like paired strands attached by mesenteries to the dorsal portion of 
the air-inflated hindgut. One male (113.3 mm SL) had slightly enlarged testes 
(GSI=0.22) with weakly defined lateral lobes, and well-developed pectoral- 
fin spines (28.5% SL) each with a sharp, upturned distal hook. 

Female H. littorale from the Indian River lagoon ranged from 82.5— 
101.6 mm SL (mean=92.4, SE=2.71, n=7) and in adjusted body mass of 
16.2—34.1 g (mean=24.5, SE=2.35) and had gonosomatic indices ranging 
from 0.44—1.53 (mean=0.87, SE=0.15). The mean gonad mass of the Flor- 
ida females, expressed as a percentage of total body mass, was 0.73%. This 
value is slightly higher than the range of means (0.34—0.58%) given by 
Tuma (1978) for female H. littorale captured in Brazil during nonreproduc- 
tive months, but considerably less than the range of monthly means (4.97— 
14.46%) for ripe females in Brazil during the peak of reproduction. Ovaries 
of the Florida females were slightly enlarged with expanded anterior lobes 
containing distinct pre-vitellogenic oocytes. Three females (83.9—96.9 mm 
SL, 20.5-27.8 g adjusted body mass) had noticeably larger ovaries 
(GSI=1.09-1.53) than all other females (82.3—101.6 mm SL, 16.2—34.1 g 
adjusted body weight, GSI=0.44—0.74). Although not examined histologi- 
cally, it is possible that these individuals had spawned during the previous 
spring or summer, based on size and gross appearance of the ovaries. 

Male specimens from the Indian River lagoon had slightly longer pec- 
toral fin spines (15.5—28.5% SL, mean=18.0, SE=0.56; n=24) than females 
(15.2-17.8% SL, mean=16.51, SE=0.33; n=7). Fully developed nuptial 
males (i.e., with elongated, upturned pectoral-fin spines) collected in South 
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Fic. 2. Scatter diagram showing relationship between pectoral spine length and standard 
length for Hoplosternum littorale males (n=24) taken from the Indian River lagoon system, 
Florida, and fully developed H. littorale nuptial males (i.e., with elongated, upturned pectoral- 
fin spines) (n=11) collected in South America. 


America had spines ranging from 25.1 to 32.9% SL (mean=30.3% SL, 
SE=0.75). Only one male collected from the Indian River lagoon had a 
pectoral-fin spine exceeding 25% SL (Fig. 2). A second male had a pectoral- 
fin spine length of 24% SL but the spines lacked distal hooks characteristic 
of nuptial males. All other males and females from the Indian River lagoon 
had overlapping pectoral-fin spine lengths less than 20% SL (13-19% SL). 

Food items were found in 11 of the 12 H. littorale stomachs examined 
(Table 1). Chironomid larvae were the predominant prey item in all 11 
stomachs that contained food, accounting for 82% of the total volume. In 
many cases, soft parts of the chironomids had been digested and only the 
head capsules remained. Detritus, setae (possibly the remains of digested 
oligochaetes), and small gastropods were of moderate importance in terms 
of volume and frequency of occurrence. Minor items found in stomachs 
included copepods, cladocerans, and ostracods, fish scales, a small seed, a 
few tiny grains of sand, and some unidentified insect fragments. Stomachs 
were on average about half full. The posterior portions of the gastrointestinal 
tracts of all specimens examined contained air, indicating that the fish had 
been actively gulping air. 

A total of 12 other fish species were taken with H. littorale. In approx- 
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TABLE 1. Stomach contents of Hoplosternum littorale (84.8—-107.2 mm SL) from the In- 
dian River lagoon system, Brevard County, Florida. %O = percent frequency of occurrence; N 
= mean number per stomach; %D = percent dominance; and %V = percent volume. (Calcu- 
lations based on nonempty stomachs, n = 11) 


Food items %O N %D JV 

Aquatic insects 

Chironomid larvae 100 47.4 82 82 
Unidentified insect 

fragments 9 0.1 — tr 
Microcrustaceans 

copepods 64 1.2 — 1 

cladocerans 18 0.2 — tr 

ostracods 18 0.2 — tr 
Gastropods 27 0.7 — 2 
Setae 100 NA — a 
Fish scales 9 0.1 — tr 
Seeds 9 0.1 — tr 
Detritus and sand 73 NA 18 8 
Unidentified items 45 NA — tr 


NA = not applicable; tr = trace, less than 0.5 percent of total volume. 


imate order of decreasing abundance, these included: Poecilia latipinna, Cy- 
prinodon variegatus, Fundulus grandis, Gambusia holbrooki, F. confluentus, 
Mugil cephalus, Megalops atlanticus, Menidia peninsulae, Trinectes macu- 
latus, Elops saurus, Sarotherodon melanotheron, and Ameiurus nebulosus. 
Based on the numbers of individual fishes taken with castnets on 8 Decem- 
ber 1995, H. littorale was relatively common and possibly the most abundant 
medium or large-sized fish. 

The 21 H. littorale taken to the laboratory were maintained in two large 
circular tanks (2-m diameter) at a water temperature of about 25—28°C. The 
fish readily fed on live black worms (Lumbriculus variegatus), but tended 
to ignore large frozen brine shrimp. Although all H. littorale appeared 
healthy at capture, 19 of the 21 individuals taken alive to the laboratory 
died within several days. Death likely resulted from a stress-related illness. 
It is possible that these fish succumbed to the same pathogen that was re- 
sponsible for the open lesions observed in many of the other fishes at the 
collection site. In captivity, the fins of live H. littorale individuals became 
ragged and the body and fins changed from dark green or gray to light gray 
or brown. Large irregular dark blotches also appeared on the body surface 
of most of the captive fish. 


DiscuUssION—To our knowledge the Florida record represents the first 
documented case of Hoplosternum littorale in open waters outside South 
America and the first possibly reproducing population of a callichthyid in 
the continental United States. We are aware of only a few records of other 
callichthyid catfishes occurring in U.S. waters, most of which are poorly 
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documented. A fish tentatively identified as Callichthys callichthys was col- 
lected in the early 1970s in a canal in Palm Beach County, Florida (Cour- 
tenay and Hensley, 1979). Unfortunately, that record is not supported by a 
voucher specimen. Another single C. callichthys (102 mm total length) was 
allegedly caught by an angler in Great South Bay off Copiague, western 
Suffolk County, Long Island, New York, in June 1978, but the validity of 
the record is in question (P. T. Briggs, 1979). Corydoras aeneus (or a closely 
related form) has been established in streams on Oahu and Kauai, Hawaii, 
since about 1984 (Devick, 1991). An unidentified Corydoras species was 
recorded from a geothermal spring in Colorado during the early 1980s 
(Zuckerman and Behnke, 1986) and a Corydoras species was also reported 
from an unspecified site in Florida (Courtenay et al., 1991). 

All 33 specimens of H. littorale collected at the Indian River site on 7— 
8 December 1995 were adult size (greater than 80 mm SL). The water where 
these fish were found was very turbid and did not allow for direct obser- 
vation. However, the presence of these fish became obvious when they dis- 
turbed the water surface during air-breathing bouts. Based on limited sam- 
pling efforts and the frequency of air gulping by catfish, we estimated that 
one portion of the ditch extending for about 100 m along the north side of 
the road contained a minimum of several hundred H. Jittorale. 

The origin of the Florida population of H. littorale is a mystery. The 
species is in the aquarium trade and the present population may conceivably 
be the offspring of one or more breeding pairs released by hobbyists. How- 
ever, some other method of introduction (e.g., escape from an aquaculture 
pond) cannot be eliminated. It is also conceivable that the species was in- 
tentionally introduced because of its perceived value as a food or ornamental 
fish. Based on available information, area fishermen first became aware of 
the presence of H. littorale in the Indian River lagoon system in November, 
1995. Thus, it is likely that the presence of this species in the Scottsmoor 
area is the result of a very recent introduction. However, it is possible that 
this non-native catfish may have inhabited the area for several years in small 
numbers and only recently increased greatly in population size. The same 
ditch sections where we found H. littorale were sampled in August 1988 by 
several colleagues using seines during a fish survey of the Indian River 
lagoon system; at that time only native fishes were found (Williams, 1995). 

Given the successful establishment of other introduced fish species in 
Florida, H. littorale has the potential to become established throughout much 
of southern Florida. Although one male taken from the Indian River lagoon 
exhibited distinct secondary sexual characteristics, none of the Florida males 
or females had fully developed gonads. Based on its native distribution in 
South America and what is known about its breeding behavior, H. littorale 
occurring in the Indian River lagoon area would most likely come into 
breeding condition during the late spring and early summer when the water 
is warm and marsh areas are flooded. Larval H. littorale are capable of 
tolerating saline water up to at least 16 ppt (Mol, 1994). As such, and similar 
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to other introduced species that are salt-tolerant (e.g., Sarotherodon melan- 
otheron), H. littorale poses an added threat of spreading to adjacent penin- 
sular drainages via coastal waters. Based on what we know of its habitat 
preferences, many of the fresh and brackish marshes found in Florida would 
seem to provide highly favorable habitat to this benthic catfish. In its native 
range, H. littorale is commonly found together with Liposarcus multiradia- 
tus, a South American loricariid catfish that has been Lino established in 
south Florida since the early 1980s. 

Whether or not H. littorale can survive short periods of low temperature 
is not known. Populations of Indian River lagoon native and foreign fish 
species periodically suffer high mortality as a result of low water tempera- 
tures during extremely harsh winters (Jennings and Williams, 1992). In early 
1996 another cold front passed through the Scottsmoor area and there were 
several nights when air temperatures fell below 0°C. There is a possibility 
that this benthic fish could survive burrowed in the bottom mud, but there 
is no available evidence to support this idea. Nevertheless, H. littorale pop- 
ulations naturally occur in northern Argentina where the annual mean air 
temperatures are lower than that of central Florida. In the Amazon, H. Jit- 
torale is also known to be one of the few species noted for its ability to 
survive the seasonal phenomenon known as “‘friagem,’’ where the atmo- 
spheric temperature drops and the water column is mixed resulting in waters 
that are hypoxic, acidic, and high in hydrogen sulfide (Brauner et al., 1995). 

We surmise that the Indian River population of H. littorale has likely 
undergone at least one successful spawning, a conclusion based in part on 
the species’ current abundance (a minimum of several hundred adults), lo- 
cality (far from any known fish farms), and habitat (a series of ditches 
connected to the adjacent Indian River lagoon and to extensive marshes). 
Long-term monitoring in the northwestern area of the Indian River lagoon 
system will be required to fully assess the status of the H. littorale population 
and to evaluate potential impacts of this species on the native fauna. 

In addition to H. littorale, at least 12 other foreign fishes have been 
reported from the Indian River lagoon system: the walking catfish (Clarias 
batrachus), several poeciliids (Poecilia reticulata, Xiphophorus variatus, X. 
helleri, and X. maculatus), and seven cichlids (Hemichromis letourneauxi, 
Cichlasoma octofasciatum, C. bimaculatum, Tilapia mariae, Oreochromis 
aureus, O. mossambicus, and Sarotherodon melanotheron). The Rio Grande 
cichlid (Cichlasoma cyanoguttatum, a native of southern Texas, has also 
been taken. Within the Indian River area, most of the above listed species 
are restricted to the southern portions of the lagoon system and many are 
considered to have reproducing populations. 
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NOTICE 


UNIVERSITY OF MIAMI ICHTHYOLOGICAL COLLECTION 
MOVED TO FLORIDA MUSEUM OF NATURAL HISTORY 


The University of Miami ichthyological collection, formerly housed at 
the Rosensteil School of Marine and Atmospheric Sciences (RSMAS) on 
Virginia Key and curated by Dr. C. Richard Robins, has been transferred to 
the Florida Museum of Natural History (UF) at the University of Florida in 
Gainesville. The transfer also re-unites the former Tropical Atlantic Biolog- 
ical Laboratory (TABL) collection, portions of which had been donated to 
RSMAS and UF in 1972-1973. Computer cataloging of former UMML 
cataloged material, supported by a grant from the National Biological Ser- 
vice, is nearly complete. We have tried to maintain the integrity of this 
historically important collection by adding 200,000 to former UMML cat- 
alog numbers; thus, UMML 30,000 has been recataloged as UF 230,000. 
The entire Florida Museum ichthyological data base will be put aboard the 
Worldwide Web by mid-summer. Most type specimens have been segregat- 
ed, curated, and shelved alongside existing UF types. We are attempting to 
ascertain the status of outstanding UMML loans and ask that anyone holding 
UMML material provide us with a listing of lots in their possession. We 
welcome the return such material at this time. We also would like to produce 
an inclusive bibliography of publications that cite UMML material and re- 
quest that those who utilized this material send us a list of said papers (or 
copies, if available). The bulk of the collection is temporarily housed outside 
the Museum until construction of a new Exhibition Center is completed in 
about a year, resulting in acquisition of needed floorspace. We are happy to 
honor loan requests involving former UMML lots, but ask for patience since 
the most of the material is still in boxes.—George H. Burgess, Florida Mu- 
seum of Natural History, University of Florida, Gainesville, FL 32611, 
U.S.A. [Email: gburgess @ flmnh.ufl.edu Fax: 352-846-0287 Telephone: 352- 
392-1721] 
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REVIEW 


David L. Jones, Palms Throughout the World, Smithsonian Institution 
Press, Washington, D.C., 1995. Pp. 410. Price: $49.00. 

ONCE again, David Jones has produced a book on plants that is com- 
prehensive, extremely useful and beautifully illustrated. This time he has 
taken on the palms of the world, providing abundant information that is 
interesting and useful to the amateur grower as well as to the professional 
botanist. It is less technical than Genera Palmarum by Uhl and Dransfield, 
more comprehensive and up-to-date than McCurrach’s Palms of the World, 
and, with 350 excellent color photographs, better illustrated than either. 

The book begins with an extensive introduction to the palm family, 
including structural and biological features, economic importance, cultiva- 
tion, diseases and propagation. This section is particularly useful for novice 
palm growers, but contains much that will be of interest to seasoned experts 
as well. It is well-illustrated with clear line drawings as well as photographs. 
The latter % of the book consists of descriptions of over 800 species of 
palms, arranged alphabetically by genus, and including information on coun- 
try of origin, natural habitat, cultivation and propagation. The selection in- 
cludes rare and unusual palms as well as those that are already widely cul- 
tivated. This will hopefully stimulate the cultivation of these rare species. 

I was able to find a number of errors in the book, but most of these are 
of technical detail that will be of little importance to the average reader. For 
technical information, the reader is still referred to Genera Palmarum. Some 
mislabeled photographs are of greater concern, but these are few and do not 
detract from the overall excellence of this book. This book is a must for the 
palm enthusiast, the first book for the novice grower, and probably the single 
most useful volume for someone with broad botanical interests who wants 
a good introduction to the palms. I recommend it highly.—Frederick B. 
Essig, Institute of Systematic Botany, Department of Biology, University of 
South Florida, Tampa, FL 33620. 
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REVIEW 


Gordon Hendler, John E. Miller, David L. Pawson, Porter M. Kier, Sea 
stars, sea urchins, and allies: echinoderms of Florida and the Caribbean, 
Smithsonian Institution Press, Washington, D.C., 1995. Pp. xi + 390. Price: 
$39.95. 

THIS treatment of the echinoderms of Florida and the Caribbean by four 
recognized experts is an extraordinary book. As the authors point out, no 
current guide for identification and account of the life history of the echi- 
noderms of this region exists. Such an account is certainly needed as the 
echinoderms have a prominent role in the environment, and are of interest 
not only for the specialist but the amateur as well. Although the title implies 
inclusive coverage for Florida and the Caribbean, the authors state “‘This is 
a handbook of the echinoderms found in the Florida Keys and the Bahama 
Islands (that) will be useful throughout the Caribbean region and the Gulf 
of Mexico.” I agree. 

The book begins with a general description of the shallow-water marine 
communities of the Florida Keys and the Bahama Islands. This is followed 
by a general description of the characteristics of the phylum. Suggestions 
for observing, collecting, preserving, and photographing echinoderms are 
given. 

The core of the book is the account of the species. A general description 
of the form and function of each class provides sufficient guide for the 
identification of the species. The line drawings for identifying structures of 
each class by Messing are extraordinarily well done. A description, indica- 
tion of habitat, distribution, and a brief, informative account of its biology 
is given for each species. References provide an entry into the literature. 
The text is clear and well written. 

In addition, there is at least one color photograph of each species, often 
in situ. The marvelous photographs of these beautiful animals by Miller and 
the high quality of reproduction make the book a candidate for the coffee 
table. 

I recommend this book highly and without reservation as a must for 
public libraries in the State, for academic libraries from the high school 
through the universities, and for any serious amateur interested in marine 
invertebrates.—John M. Lawrence, University of South Florida, Tampa, 
33620. 
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BOOKS RECEIVED 


Langford, C. H. and R. A. Beebe, The Development of Chemical Principles, 
Dover. 1995 (1969). Pp. 376. Price: $12.95 (paper). 


Heintzelman, D.S., Guide to Owl Watching in North America, Dover. 1992 
(1984). Pp. i +179. Price: $7.95 (paper). 


Davis, W.E., Dean of the Birdwatchers, Smithsonian. 1994. Pp. xvi + 198. 
Price:) $29.95, 


Wolff, M., Exploring the Physics of the Unknown Universe, Technotran. 
1990. Pp. i + 246. Price: $39.00. 


Wherry, E.T., The Fern Guide, Dover. 1995 (1885). Pp. ix + 289. Price: 
$8.95. 


Jansson, A., Hammer, M., Folke, C., Costanza, R., Investing in Natural 
Capital, Island Press. 1994. Pp. xvi + 489. Price: NA. 


Kilham, L., Woodpeckers of Eastern North America, Dover. 1983. Pp. vii 
te Bi. Pricey 5.90. 


Jones, D.L., Cycads of the World, Smithsonian. 1993. Pp. 304. Price: $45.00. 
Allen, J.L., Environment, Dushkin. 1994. Pp. xi + 262. 
Sovak, J., Snakes of the World, Dover. 1995. Pp. i + 45. Price: $2.95. 


Blunt, W., The Art of Botanical Illustration, Dover. 1994. Pp. xxxii + 282. 
Price: $14.95. 


Michener C.D., McGinley R.J., Danforth B.N., The Bee Genera of North 
and Central America, Smithsonian. 1994. Pp. viii +172. Price: $45.00. 


Audubon J.J., Treasury of Aububon Birds, Dover. 1993. Pp. i +12. Price: 
$15.95. 


Heck J.G., Heck’s Pictorial Archive of Nature and Science, Dover. 1994. 
Pp. ii + 174. Price: $14.95. 


Gilbert, C. R., Rare and Endangered Biota of Florida, II. Fishes, University 
Press_of Florida, 1992. Ppsxl -- 226) Price. $54.95" 


Sabrosky C.W., Bennett G.E, Whitworth T.L., Bird Blow Flies in North 
America, Smithsonian. 1989. Pp. 312. Price: NA. 


Hill T.L., Thermodynamics of Small Systems, Dover. 1994 (1963). Pp. i + 
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INSTRUCTION TO AUTHORS 


Individuals who wish to publish in the Florida Scientist must be active members in the Florida Academy 
of Sciences. 

Submit a typewritten original and two copies of the text, illustrations, and tables to the editors. All 
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PROOF must be returned promptly. Notification of address change and proofreading are the author’s 
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Oceanographic Sciences 


AN INVESTIGATION OF TIDAL AND LOW-FREQUENCY 
CURRENT PROCESSES IN FLORIDA'S 
INDIAN RIVER LAGOON 


PATRICK A. PITTS 


Harbor Branch Oceanographic Institution, 
5600 North U.S. 1, Ft. Pierce, Florida 34946 


ABSTRACT: Current meter time series recorded simultaneously at three study sites along 
the Atlantic Intracoastal Waterway (AIW) are used to characterize tidal and nontidal flow in 
the northern sub-basin of Florida’s Indian River Lagoon near Sebastian Inlet. The semi-diurnal 
M, constituent dominates all other tidal constituents with amplitudes decreasing from 11.0 cm 
s-! near the inlet to 7.6 cm s~! 13 km north. The relative importance of the tidal variance in 
the current meter records decreases from 49% to 33% of the total over the same distance. The 
propagation of the M2 tidal wave is 5.5 km hr-1, based on phase angle and distance relation- 
ships between two of the study sites. Net along-channel flow is to the south, or towards the 
inlet, ranging between 0.5 and 2.1 cm s~ in this section of the AIW during the 42-day study. 
Low-frequency motions at all three sites are inversely related to wind Stress. 


CIRCULATION patterns in estuarine waters are controlled by both tidal and 
nontidal factors. Tidal currents can be isolated from current meter records 
and quantified relatively easily. However, a variety of nontidal forces play 
a role in the internal circulation of an estuary. Perhaps the two most im- 
portant of these are freshwater inflow and wind stress. Freshwater entering 
the estuary, which is controlled by rainfall and the manner in which it travels 
from the drainage basin to the ocean, shows both a seasonal pattern and 
low-frequency pulses which may last as long as several days. Wind stress 
effects are especially significant in the shallow waters that characterize coast- 
al lagoons. 

Coastal lagoons are unique among estuarine types due mainly to their 
geomorphology. They are shallow, bar-built estuaries often elongated and 
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oriented parallel to the coast. Typically, they are connected to adjacent ocean 
waters by one or more restricted inlets (Phleger, 1969). Indian River Lagoon, 
for example, extends 195 km along Florida’s central Atlantic coast and ex- 
hibits widths and depths on the order of 2—3 km and 1-3 m, respectively. 
It has three narrow and widely separated inlets which provide limited ex- 
changes between the lagoon and the adjacent Atlantic shelf waters. 

Dyer (1973) has characterized coastal lagoon circulation in terms of a 
rapid decrease in the magnitude of tidal motions with increasing distance 
from an inlet with relatively little vertical mixing. Extensive studies in Indian 
River Lagoon have documented the relatively rapid extinction of the tidal 
wave form as it propagates along the longitudinal axis of the lagoon and 
further indicate that the transport of fresh and salt water through the interior 
of the lagoon is governed mainly by low-frequency, nontidal forces (Smith, 
1983, 1985, 1990a; Pitts, 1989). These studies indicate that wind appears to 
play the dominant role in the low-frequency transport, while freshwater out- 
flow and non-local forcing contribute secondarily. 

The restricted connections between some coastal lagoons and adjacent 
shelf waters can severely limit water exchange. This water exchange is cru- 
cial to the flushing of lagoonal waters in order to rid the estuary of pollutants 
and maintain brackish water conditions. Water quality is an issue of partic- 
ular concern in the northern sub-basin of Indian River Lagoon, defined in 
this paper as the 113 km segment between Sebastian Inlet and the northern 
end of the lagoon. This sub-basin is surrounded by rapid urban growth and 
its accompanying demands and effects, yet it has only one narrow inlet, the 
Sebastian Inlet, located at its southern extreme for providing exchanges with 
ocean waters. This makes the northern sub-basin particularly susceptible to 
eutrophication, pollution and sediment infilling as a result of land-use prac- 
tices and restricted water exchange. 

The purpose of this study is to characterize and determine the relative 
importance of the tidal and nontidal flow at three closely spaced study sites 
occupied simultaneously in the northern sub-basin of Indian River Lagoon. 
A second objective of the study is to investigate the coupling of winds to 
low-frequency flow along the longitudinal axis of this section of the lagoon. 
Observations of this nature can be used to calibrate and verify hydrodynamic 
computer models of lagoon circulation which should ultimately be able to 
quantify flushing rates for this section of Indian River Lagoon. 


THE DATA—Current speeds and directions were recorded using three General Oceanics 
Model 2010 inclinometers located 6.5 km apart along the edge of the Atlantic Intracoastal 
Waterway (AIW) north of the Sebastian Inlet in Indian River Lagoon (Figure 1). Data were 
recorded every half hour from June 2 to July 14, 1983 at an accuracy of +1.5 cms‘! (speed) 
and +5° (direction) for inclinations greater than 10°, according to manufacturer’s specifications. 
Most of the lagoon in this area is only 1-2 m deep, however, the AIW is dredged to a depth 
of 3.5 m. By mooring the current meters at the edge of this deeper channel a better indication 
of tidal motions and the net movement of water is provided. In addition the instruments are 
better protected from wave motion and vandalism in the deeper channel. Since all three instru- 
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Fic. 1. Map showing study sites 1—3 (solid circles) in Indian River Lagoon, north of the 
Sebastian Inlet. Solid diamond shows the location of the Melbourne Regional Airport at which 
wind observations were recorded. 


ments were moored in similar positions along the channel, comparisons between sites become 
more valid. 

Hourly wind speeds and directions recorded at the Melbourne Regional Airport (Figure 
1) during the same time period were obtained through the National Climatic Center. The airport 
lies 2 km west of Indian River Lagoon and 15-30 km north-northwest of the study sites. 


METHODs—Several analytical techniques were used to quantify the magnitudes and relative 
importance of tidal and low-frequency motions. Current vectors were decomposed into along- 
channel and across-channel components. For purposes of this study only the along-channel 
current components were considered. Timing errors were removed by fitting a natural cubic 
spline function through the recorded data points and then extracting values from the curve at 
exact half-hour intervals. The three half-hourly current records were then smoothed with a 
3-weight Hanning filter using 0.25, 0.50 and 0.25 filter weights to reduce high frequency vari- 
ability, such as wave contamination, and provide a better representation of the hourly current 
motion. In the process every other observation was dropped resulting in hourly time series. 

The tidal component of each time series was isolated by a harmonic analysis of 29-day 
segments of data as described by Dennis and Long (1971). Since the time series were longer 
than 29 days, three harmonic analyses were performed on each record using 29-day segments 
successively offset in time by 6 days. The individual pairs of harmonic constants (amplitudes 
and phase angles) were then vector-averaged (Haurwitz and Cowley, 1975), to provide a mean 
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amplitude and phase angle. The tidal excursion (TE), the horizontal distance that a parcel of 
water travels over a half-tidal cycle, is provided by: 


TE = UvT (1) 


where U is the amplitude of the principal tidal constituent (M2 in this region) and t is the 
period, in hours, of that constituent (12.4206 for M2). 

A measure of the relative importance of the tide was obtained by calculating the percent 
of the total variance explained by the principal tidal constituents. The percent of the variance 
in the along-channel component due to the tides (PT) is given by: 


ies) 


where n is the number of tidal constituents, A is the amplitude of the i" tidal constituent and 
V, is the total variance in the along-channel current (Panofsky and Brier, 1963). 

The low-frequency, nontidal variability in the current time series was obtained using a 40 
hour low-pass numerical filter with a Lanzcos taper. The half-power point of this filter occurs 
at approximately 37 h (Bloomfield, 1976). The filtering process causes 63 hours of data to be 
lost at both ends of each of the time series. 

To determine long-term flow along the longitudinal axis of the lagoon the along-channel 
current speeds from each current meter record were multiplied by the time interval they rep- 
resented (1 hour) which converted speed values into distance values. These distance values 
were then summed. The resulting time series provides the cumulative net displacement of water 
past a study site. 

Composite time-plots of the measured hourly along-channel currents, the tidal and nontidal 
motions embedded within the total and the resulting along-channel cumulative net displacement 
were constructed from the data recorded at each study site. For plots of total, tidal and nontidal 
currents positive values indicate water flowing to the north-northwest. The exact heading varied 
slightly for each site. For the cumulative net displacement diagrams, values decreasing with 
time indicate net motion toward the south-southeast. 

Wind data were converted to wind stress vectors using the method described by Wu (1980) 
for moderate wind speeds (1-20 m s"'). The along-channel components (160°-—340°) of the 
wind stress vectors were used for constructing a cumulative wind stress diagram for qualitative 
comparison with the along-channel components of the current meter records. Correlation co- 
efficients were calculated for wind stress and along-channel currents at each study site and 
tested for significance using the Student’s t-test (Moroney, 1956). 


P, = 100 ! (2) 


RESULTS—A composite of the currents recorded at Station 1, approxi- 
mately 2 km north of Sebastian Inlet, is shown in Figure 2. The top plot (a) 
indicates that the total along-channel currents have maximum speeds on the 
order of +25—30 cm s~!. Harmonic analysis of this time series revealed that 
the amplitude of the M, constituent, the principal tidal constituent for this 
region, is 10.9 cm s~!. The associated tidal excursion—the inferred horizon- 
tal displacement—was calculated to be 1.55 km. Amplitude and phase angles 
for the five other principal tidal constituents for this region are listed in 
Table 1. 

Plot (b) in the composite shows the tidal along-channel currents embed- 
ded within the total. The plot indicates that the instantaneous currents at this 
location are tide dominated as the tidal ebbs and floods reach +18 cm s“! 
under spring tide conditions. Current speeds under neap tide conditions are 
generally about half those observed for spring tide. The tidal currents also 
include significant diurnal inequalities. Back-to-back tidal cycles may have 
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Fic. 2. Composite time plot of near-bottom, along-channel currents at Station 1, June 2 
to July 14, 1983: Total current (a), the tidal component (b) and the low-frequency, nontidal 
component (c), in cm s_!. Plot (d) shows the cumulative net displacement, in km, for the same 
time period. Positive values indicate flow to the north-northwest. 


as much as a three-fold difference in maximum current speeds. Based on 
the six principal tidal constituents, tidal currents account for 49% of the 
variance in the total along-channel motion recorded at the study site. 

Low-frequency, nontidal current speeds (plot c) generally range between 
*3-10 cm s‘!. Note that in one case, June 9, the nontidal current speeds 
were greater than —20 cm s'!. A close inspection reveals that nontidal cur- 
rents are flowing more strongly and consistently to the south. 


TABLE 1. Harmonic constants (amplitudes, n, in cm s~'; local phase angles, k, in degrees) 
of the principal tidal constituents for the along-channel current components recorded at three 
study sites in Indian River Lagoon. 


Study site M, S; N, K, O; PA 
Station 1 n 10.9 1.0 1.6 3.6 33} A 
K 259.1 DSN D 235.4 186.8 174.9 186.8 
Station 2 n 10.1 1.0 2.0 3.4 Zoll ite 
K 293.6 087.9 283.0 156.8 192.7 156.8 
Station 3 n UD ED 1.6 Dal 1.8 0.9 
K 295.3 015.2 288.8 138.9 177.8 138.9 
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Fic. 3. Same as Figure 2, but for Station 2. 


The cumulative net displacement of water past Station 1, which includes 
the combined effect of tidal and nontidal motions, is shown in the bottom 
plot of Figure 2. The plot consists of an irregular, step-like pattern resulting 
in a negative (south-southeasterly) displacement during the first month of 
the study. Over the final two weeks, the net displacement reverses, but the 
approximately —76 km of net displacement over the entire 42-day study 
translates to an average southerly flow of 2.1 cm s~'. Superimposed onto 
the long-term flow to the south are the ebb and flood of the tide. 

Figure 3 was constructed from current meter data recorded at Station 2, 
approximately 6.5 km north of Station 1. The along-channel motions re- 
corded at this location are similar to those measured at Station |. Total along- 
channel current speeds have maximums on the order of +30—35 cm s“! (plot 
a), while the tidal component current speeds are +10—18 cm s‘! (plot b). 
The M, tidal amplitude is only slightly less (10.3 cm s~') at Station 2, but 
there is no significant difference between the two sites (Table 1). The vari- 
ance in along-channel motion due to tidal currents is 34% of the total. 

Low-frequency current speeds of +10—15 (plot c) are greater at Station 
2 than those recorded at Station 1, but perhaps as important, they are more 
uniformly distributed between northwesterly and southeasterly directions. As 
a result the cumulative net displacement is only —18 km, corresponding to 
a mean southerly current speed for the study period of 0.5 cm s"!. 
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Fic. 4. Same as Figure 2, but for Station 3. 


The composite of currents recorded at Station 3, 15 km north of Sebas- 
tian Inlet, is shown in Figure 4. Maximum current speeds of 20-25 cm 
s-' are less than those recorded at the two sites to the south. The M, tidal 
amplitude decreases approximately 30% to 7.4 cm s™! (Table 1) and the 
associated tidal excursion shows a corresponding decrease to 1.05 km. Max- 
imum flood and ebb speeds range between +6—14 cm s/!. Tidal currents 
account for 33% of the variance observed in the total along-channel currents. 
While the diurnal inequality in tidal currents observed at Stations 1 and 2 
is apparent at this site as well, most of the variability in the Station 3 record 
occurs during the flood half of the tidal cycle. 

Low-frequency motions at Station 3 show a continual series of low- 
frequency reversals, with maximum current speeds of 10-12 cm s™! oc- 
curring approximately every 4—5 days. A dominance of negative low-fre- 
quency motion results in a southerly net displacement of 35 km by the end 
of the study period. This is equivalent to a mean flow to the south through 
this section of the AIW of just under 1 cm s"!. 

The speed and direction of propagation of a tidal constituent can be 
estimated by comparing the local phase angles from any two stations. Using 
the dominant M, constituent as an example, Table 1 shows a 34° phase angle 
difference between Stations 1 and 2, indicating that M, variations at Station 
2 lag behind those arriving at Station 1. This corresponds to 9.2% of a 12.42- 
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Fic. 5. Cumulative net displacement diagram of the along-channel component of the 
wind stress recorded at the Melbourne Regional Airport. Positive values indicate winds toward 
the north-northwest. 


hour tidal period, or a lag time of 1.13 hours. Incorporating the 6.5 km 
separation of these two stations, one obtains a propagation speed of approx- 
imately 5.5 km hr“. 

A plot of the cumulative net displacement of the along-channel com- 
ponent of wind stress from June 2 to July 14, 1983 is provided in Figure 5. 
A qualitative comparison of this plot with the cumulative net displacement 
of the along-channel currents from Stations 1—3 (plot d in Figures 2, 3 and 
4) suggests an inverse relationship between wind stress and along-channel 
flow in this segment of the lagoon. A calculation of correlation coefficients 
for the cumulative wind stress and cumulative displacement of currents at 
Stations 1—3 are —0.751, —0.824 and —0.911, respectively. These values 
are significant at the 99.9% confidence level using the Student’s f-test (t 
values = 20.7, 21.3 and 21.9 for Stations 1, 2 and 3, respectively, with a 
statistically “‘infinite’? number of degrees of freedom). 


DiscuUssION—A surprising result was the similarity in the magnitude of 
the tidal ebbs and floods between Stations | and 2. Given the closer prox- 
imity of Station | to the inlet one might have expected significantly stronger 
tidal currents there. The similarity can be explained, at least in part, by local 
topography (Figure 1). At Station 2 the lagoon narrows and the AIW passes 
between the western bank of the Indian River and one of the larger spoil 
islands in the lagoon. This may cause flow to be constricted and amplify 
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along-channel current motions at the study site. According to mass conti- 
nuity equations, tidal amplitudes vary inversely with the local cross-sectional 
area of the lagoon (Smith, 1990a). While the depth and width of the ATW 
are relatively constant along the length of the lagoon, the width of the lagoon 
itself, as well as the mean depth outside the AIW, can vary by a factor of 
2-3. The cross-sectional area at Station 2 (2381 m7?) is only 55% and 64% 
of that at Station 1 (4316 m?) and Station 3 (3749 m7), respectively. Thus, 
the constriction at Station 2 could explain why the tidal wave form appar- 
ently suffered no amplitude reduction from bottom friction after moving 
almost 7 km into the lagoon. On the other hand, the marked decrease in the 
tidal component of the along-channel currents at Station 3 is expected as 
the cross-sectional area increases by 157% from Station 2 to Station 3 and 
as the wave form moves toward extinction further into the lagoon. 

Unexpected variations in local phase angles between stations are due, 
in part, to the small amplitudes of some of the tidal constituents. The smaller 
the amplitude the more difficult it is to fit a sine wave through the time 
series, and thus resolve the phase angle. Even when amplitudes are large, 
local phase angle variations can appear confusing. For example, the M, 
phase angle difference between Stations | and 2 is nearly 34° while it is 
only 2° between Stations 2 and 3, even though the three stations are equi- 
distant from each other. This may be the result of any of several processes 
which influence the propagation speed of tidal wave forms. Both high-fre- 
quency wind-wave motions and low-frequency meteorological forcing can 
influence tidal conditions. Also, turbulence arising from oscillatory wave 
motions have been shown to increase the effective bottom roughness and 
thus retard tidal wave propagation (Grant and Madsen, 1979). This turbu- 
lence effect would be influenced by differences in exposure to wave action 
from one location to another. Another possibility lies in the differences in 
bottom topography between sites. Significantly greater seagrass coverage in 
the section between Stations | and 2, for example, would increase bottom 
friction in this area and slow the propagation of the tidal wave form. An 
enhanced bottom friction would be especially effective in the shallow waters 
that characterize coastal lagoons. Unfortunately, the data base assembled 
here is inadequate to resolve which factor or combination of factors causes 
the unexpected variations in the M, phase angles. 

The data from this study clearly show a strong coupling between winds 
and nontidal flow at the three study sites. The increase in the absolute value 
of the correlation coefficients between wind stress and along-channel cur- 
rents with increasing distance from the inlet suggests a more clearly defined 
coupling between winds and wind-driven circulation in the interior of the 
lagoon than nearer the inlet. This may be due in part to the greater effects 
of other low-frequency exchanges between adjacent shelf waters and lagoon 
water near the inlet. However, the increase in correlation coefficients may 
be a result of their greater proximity to the site at which winds were recorded 
(Figure 1). It is unclear how the coastal wind field varies in space, but it 


214 FLORIDA SCIENTIST [VOL. 59 


may be substantial even over distances of a few kilometers. While spectral 
analysis would have been useful for quantifying the coupling between winds 
and currents, the 42-day study period was not long enough to provide the 
necessary number of cycles over the range of time scales normally associ- 
ated with wind stress forcing. 

The inverse relationship between wind stress and low-frequency currents 
in this section of Indian River Lagoon was documented by Pitts (1989) using 
223-day records of currents from Station 1 and winds from the Melbourne 
Airport. Incorporating historical water level data recorded simultaneously at 
Sebastian Inlet and Eau Gallie (34 km to the north) and local wind data for 
the same time period, his study established that wind stress was responsible 
for setting up water level slopes in the northern segment of the lagoon. These 
slopes apparently reverse on a seasonal basis. So, the inverse correlation 
between wind stress and the near-bottom, along-channel currents observed 
in the data from this study is likely due to the wind stress setting up a 
longitudinal pressure gradient. Once the pressure gradient has been estab- 
lished it produces the observed net upwind return flow in the AIW. 

Smith (1990b) constructed a 4-layer computer model for the northern 
sub-basin of Indian River Lagoon which accurately reproduced the upwind 
return flow in the near bottom layers of the ATW just north of Sebastian 
Inlet. His study indicated that without the AIW there would be no conduit 
for providing the upwind return flow to cancel downwind transport in the 
upper layers of the channel and in the shallow waters on either side. Smith 
stressed the importance of including water level data and longitudinal den- 
sity gradients as model input. Another modeling study by Smith (1993) 
quantified both the baseline tidal flushing and the range of the 50% renewal 
time associated with variations in rainfall and coastal sea level in the sub- 
basins of Indian River Lagoon. The resulis showed that tidal flushing is 
significant in the northern sub-basin only near the inlet; nontidal mechanisms 
dominate flushing in this sub-basin as a whole. Data from the study reported 
here, particularly the significant decrease in tidal amplitudes between Sta- 
tions | and 3 and the control of cumulative net displacement past the study 
sites by low-frequency, nontidal currents, are consistent with Smith’s model 
results. 

While the data assembled here provide useful information on the relative 
importance of tidal and nontidal current processes for this section of Indian 
River Lagoon, results cannot be extrapolated laterally into the shallow waters 
of both sides of the lagoon. Follow-up studies should include measurements 
in these broad shallow areas which could be used not only to make volume 
transport calculations, but to calibrate and verify a hydrodynamic model of 
lagoon circulation. 

The general conclusion that can be drawn from this study is that the 
area just north of the Sebastian Inlet in Indian River Lagoon demonstrates 
circulation patterns characteristically attributed to coastal lagoons. Tidal mo- 
tions decrease with distance from the inlet, but with local perturbations as 
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at Station 2. While the ebb and flood of the tide dominate the instantaneous 
current at all three study sites, low-frequency, nontidal motions are respon- 
sible for the long-term net displacement. These low-frequency variations in 
the flow along the AIW are inversely related to the surface wind stress. 
Results are consistent with earlier observational and modeling studies con- 
ducted in this segment of Indian River Lagoon and contribute to our un- 
derstanding of coastal lagoon circulation in general. 
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ABSTRACT: Historically, the Kissimmee River was a complex braided channel with an 
extensive floodplain wetland that was channelized and converted to a series of five impound- 
ments by the U. S. Army Corps of Engineers from 1962 through 1971. Restoration of the 
Kissimmee River system has begun and includes a South Florida Water Management District 
program to evaluate the success of the restoration and provide input for adaptive management 
during the recovery of the system. Invertebrate community composition can serve as a useful 
system attribute for evaluating the success of the Kissimmee River ecosystem restoration project. 
The research reported here: 1) identifies the regional species pool of aquatic insects that 
potentially occur in the Kissimmee River Basin; 2) evaluates the process of assigning functional 
groups based on feeding, habit, and voltinism and using calculated ratios to make assessments 
of ecosystem attributes. An initial study on partially restored remnant channels of the Kissimmee 
River indicates that the littoral-floodplain habitats can be readily distinguished from each other 
on the basis of invertebrate functional relationships. In addition, this organization promises to 
be a good predictor of general ecosystem attributes such as the autotrophy-heterotrophy index 
(P/R) and the availability of invertebrate food for wading birds and drift- and benthic-feeding 


fish. 


THE KISSIMMEE River originates in the Kissimmee Lakes area in south- 
central Florida and flows south into Lake Okeechobee (Fig. 1). Historically, 
the river was a complex braided channel with an extensive floodplain wet- 
land (National Archives, 1856). In 1962, the U. S. Army Corps of Engineers 
initiated a project that channelized and, with a series of flow control struc- 
tures, impounded the river forming a series of five pools. The project, com- 
pleted in 1971, affected approximately 161 km (100 mi) of river and resulted 
in the loss of about 14,000 ha (35,000 acres) of floodplain (Koebel, 1995). 
Coincident with the loss of meandering river and floodplain wetland habitat, 
many species of plants and animals were restricted in their distribution or 
eliminated. Although the condition of pre-channelization biotic communities 
is not well documented, it is clear that channelization resulted in extensive 
loss of wetland plant communities (Toth et al., 1995). By inference, asso- 
ciated invertebrate (Vannote 1971; Harris et al., 1995) and vertebrate com- 
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Fic. 1. The Kissimmee River basin from the 4229 sq. km (1,600 sq. mi.) upper basin 
headwaters in the Kissimmee Lakes through the 1200 sq. km (750 sq. mi.) lower basin and 
into Lake Okeechobee. The upper basin includes Lake Kissimmee and many smaller lakes. The 
lower basin includes the tributary watersheds of the river (excluding Lake Istapoga) from Lake 
Kissimmee to Lake Okeechobee. Location of the basin in south-central Florida is indicated in 
the inset. Figure modified from South Florida Ecosystem Restoration Plan, Ecosystem Resto- 
ration Department, South Florida Water Management District, West Palm Beach, FL. 
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munities (Trexler, 1995; Weller, 1995) must have been significantly altered 
as well. 

In 1984 The South Florida Water Management District (SFWMD) ini- 
tiated a demonstration project to evaluate the effects of increased flow and 
floodplain inundation on the channelized river. This was accomplished by a 
series of three weirs that directed additional flow through three remnant 
channel systems along the impounded section of river known as Pool B, and 
by stage manipulations in the pool that caused inundation of the floodplain 
(Fig. 2). In 1990, the State of Florida endorsed the SEWMD plan to backfill 
approximately 35 km (22 mi) of channel (C-38 Canal) and restore about 
11,000 ha (27,000 acres) of floodplain wetland over a 15 year period. 

The overall management goal for the Kissimmee River Restoration Pro- 
ject is improvement and protection of the “health” of the Kissimmee River 
ecosystem. “‘Health’’ is defined as a desirable and sustainable ecosystem 
structure and function, or ecosystem integrity. Thus, effectiveness of the 
restoration will be viewed in terms of the recovery of ecological integrity. 
A key component of the project is a research plan to evaluate the effects of 
the restoration on structure and function of the river-floodplain ecosystem 
(Toth, 1993; South Florida Water Management District, 1995; Dahm et al., 
1995). 

Desirable ecosystem conditions are most often judged against historical 
standards as chronicled by the condition of particular groups of organisms, 
such as invertebrates. The richness of invertebrate taxa has often been used 
as an indicator of this overall ecosystem integrity, and can serve as a useful 
system attribute for evaluating the success of the Kissimmee River ecosys- 
tem restoration project. Evaluation of restoration success depends upon care- 
ful comparisons between present baseline conditions (i. e. prior to initiation 
of the restoration), some prechannelization condition (for which there are 
data), and some historical reference condition that reflects the ideal goal of 
the restoration (Toth, 1990, 1991, 1993; Arrington, 1995; Cummins and 
Dahm, 1995; Dahm et al., 1995; Koebel, 1995; Toth et al., 1995). Because 
no suitable reference sites presently exist in the Kissimmee River Basin or 
elsewhere, and past data are scarce, the reference condition for invertebrate 
communities must be derived by inference largely from the literature (Harris 
EL ale 995): 

Historically, invertebrates have been used extensively for the evaluation 
of ecological conditions of aquatic habitats (e.g., Rosenberg and Resh, 
1993). Many aquatic invertebrate taxa have received special attention be- 
cause of their pest or disease vector status, or because they serve as key 
components in the food webs of higher trophic levels such as fish and birds 
(Cummins, 1992). Despite all the attributes that render invertebrates ideal 
subjects for ecological evaluations, the incomplete status of the taxonomy 
of many groups has severely hampered their use in ecosystem evaluations. 

Functional analysis of invertebrate community structure, however, elim- 
inates the need for a detailed taxonomic description. This approach, devel- 
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Fic. 2. Channelization of the Kissimmee River into the C-38 canal, converted 103 mi. 
(166 km) of meandering river into a series of five impoundments (Pools A—E) behind structures 
S-65A-S-65E. Flow out of Lake Kissimmee is regulated by structure S-65. Restoration of the 
river-floodplain system will involve four phases of back-filling 22 miles (35 km) in Pools B— 
D, beginning in 1998. The invertebrate survey and test samples were taken in the partially 
restored remnant channels created by Weirs 1—3. The star indicates the sampling area of remnant 
channel. Major highways in the region and the location of the basin in southcentral Florida 
(inset) also are shown. Figure modified from South Florida Ecosystem Restoration Plan, Eco- 
system Restoration Department, South Florida Water Management District, West Palm Beach, FL. 
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oped by Cummins and co-workers (e.g., Cummins, 1973, 1974; Cummins 
and Klug, 1979; Cummins and Wilzbach, 1985; and Merritt and Cummins, 
1984, 1996a), is based on readily discernible morphological, behavioral, and 
life history attributes of invertebrate taxa rather than on species identity. The 
value of such an approach is that these attributes relate more directly to 
system ecology and ecosystem integrity than does taxonomy per se. Analysis 
of functional feeding groups, for example, is particularly useful because it 
focuses on linkages between food resources (e.g. periphyton, vascular hy- 
drophytes, plant litter, coarse and fine particulate organic matter [CPOM and 
FPOM], and prey) and the special adaptations for the acquisition of these 
resources. Invertebrate taxa are differentiated into shredders that feed on 
CPOM [either live aquatic macrophyte tissue or plant litter], scrapers that 
harvest periphyton and associated material from substrate surfaces, filtering 
and gathering collectors of FPOM, plant piercers that imbibe plant fluids 
from macroalgae and vascular hydrophytes, and predators that capture live 
prey. This analysis differs from the ingestion food web approach, which 
does not adequately allow for a prediction of the match between food re- 
sources and their efficient utilization because of the ubiquity of omnivory 
among benthic aquatic invertebrates (e.g., Berg, 1995). 

In addition to feeding, other attributes of invertebrate taxa that bear 
directly on restoration success and can be functionally analyzed include: 1) 
habit, defined here as mode of attachment, locomotion, and/or concealment 
(Merritt and Cummins, 1996a); and 2) generation time (voltinism). Infor- 
mation on feeding modes and habits that allow for correct placement into 
functional groups is available for many genera of North American aquatic 
insects and is summarized in taxonomically organized ecological tables in 
Merritt and Cummins (1996a). Information on voltinism is provided in this 
text (references cited in Appendix, Tables 1 and 2). 

Pragmatically, functional analysis of the invertebrate community is valu- 
able in that functional group designations can be made in the field, rapidly, 
and without a high level of taxonomic resolution for most taxa. Cummins 
and Wilzbach’s (1985) manual is a guide to procedures for establishing the 
functional feeding group identity of North American aquatic invertebrates 
that relies primarily on visual examination of gross morphological features. 
In addition, Merritt and Cummins (1996b) have provided field and labora- 
tory observations and experiments to determine invertebrate functional 
group status. Because all of the species within a higher taxonomic grouping 
(e.g. genus, family, or order) generally share the same feeding mode, a low 
level of taxonomic resolution is usually sufficient to place an organism into 
the correct functional group. All dragonfly species, for example, are preda- 
tors, and thus one needs only to be able to recognize an individual as be- 
longing to the dragonfly order (Odonata) to correctly establish its functional 
group identity. Further, all the dragonflies in the family Libelullidae are 
sprawlers while all members within the family Aeschnidae are climbers or 
sprawlers (Table 1). Exceptions exist, however, among other taxa such as 
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the dipteran family Chironomidae, in which several feeding groups are rep- 
resented. Thus, the ability to rapidly and accurately assign individuals to 
functional feeding groups for analysis will depend on the taxonomic makeup 
of the community. 

The research reported here: 1) identifies the regional species pool of 
aquatic insects potentially occurring in the Kissimmee River basin, 2) eval- 
uates the process of assigning functional group categories based on feeding, 
habit (mode of attachment, locomotion, etc.) and voltinism to an initial set 
of invertebrate samples collected from the Kissimmee River; and 3) uses the 
calculated functional ratios to make assessments of ecosystem attributes. 

The regional species pool of invertebrates has been established from 
published records of occurrences of taxa. This provides a checklist against 
which to evaluate the diversity in various functional groups and the level of 
taxonomic complexity to be expected in further refinement of generic de- 
terminations. Invertebrates were collected from a representative array of hab- 
itats in the Kissimmee River, taxonomically identified and assigned to func- 
tional groups. The power of a functional group analysis to assess ecosystem 
attributes has been evaluated by testing for differences in functional group 
composition among habitat types. 


METHODS—Establishment of regional species pool—A wide range of reference materials 
together with the core source, the third edition of Merritt and Cummins (1996a), were used to 
compile the regional list of species that are probable residents of the Kissimmee River system 
(i. e. the river’s headwater lakes, the channelized river, remnant channels and associated wet- 
lands, and tributary creeks and sloughs). The references used to produce this species list are 
identified in the Literature Cited portion of this manuscript. 


Field sampling—After an initial survey to determine types of habitats and the general 
range of invertebrate taxa in each, a set of samples was taken on a single date (September 15, 
1994) in the remnant river channels of Pool B (Fig. 1). These samples have been used to 
evaluate the process of assigning functional groups to the taxa collected and using the ratios 
calculated from the data to make assessments of ecosystem attributes. The samples of aquatic 
plant communities consisted of 10 to 15-minute qualitative collections using a D-frame net 
with a 0.8 mm mesh size. Samples from the channel bottom sediments were taken with a Ponar 
grab. Collections were made in four habitat types: 1) the littoral zone (floating and submerged 
aquatic vascular plants at the channel margin); 2) broad-leaf marsh (emergent plants bordering 
the littoral zone); 3) large woody debris snag, and; 4) mid-channel fine sediments. The littoral 
habitat was dominated by Nuphar, Myriophyllum, and Hydrilla plants. The broad-leaf marsh 
consisted of emergent beds of Pontederia, Polygonum, and Sagittaria. The large woody debris 
snag that was collected was a large dead live-oak (Quercus virginiana) with a portion of the 
bole and branches in the channel and the root wad imbedded in the bank. This was one of very 
few large snags along the remnant channels associated with Pool B. The main channel sediments 
were a combination of sand and organic muck. 

Each net and dredge sample was washed into an enamel tray where most of the coarse 
plant material was rinsed and discarded and the remainder was washed into a 500 um sieve, 
labeled, and preserved in sample bottles in 75% ethanol. Samples were sorted under a dissecting 
microscope. Taxonomic determinations were made using Merritt and Cummins (1996a), Thorp 
and Covich (1991), Pennak (1989), and taxonomic references cited in the bibliography. 
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TABLE 1. Level of functional separation achieved by order, suborder, family, or subfamily 
taxonomic separation of aquatic insects in the Kissimmee River-floodplain ecosystem. Infor- 
mation at the generic level given in Appendix Table 1. Only taxa that occur in South Florida 
are included. Voltinism: UNI: univoltine (1 generation/year); BIV: bivoltine (2 generations/ 


year); TIV: trivoltine (3 generations/year); MLT: multivoltine (>3 generations/year). 


Functional group categories 


Taxonomic Feeding Habit Life history 
level Taxa groups groups groups 
Order Odonata 
Suborder Anisoptera (dragon- Predators (all Long (1 yr) 
flies) families) (all families) 
Families | Cordulegastridae Burrowers (all 

Gomphidae genera) 

Macromiidae Sprawlers (18 

Libelluidae of 22 genera) 

Corduliidae Climbers (12 of 

Aeschnidae 13 genera) 

Suborder Zygoptera (damsel- Predators (all Short (<1 yr) 
flies) families) (all families) 

Calopterygidae Climbers (12 of 

Lestidae 13 genera) 

Protoneuridae 

Order Ephemeroptera 
Families — Siphlonuridae Gathering col- Swimmers (all Univoltine (all 

Metretopodidae lectors (all genera) genera) 
genera) 

Baetidae Gathering col- Swimmers (6 Univoltine (5 
lectors (6 out out of 7 gen- out of 7 gen- 
of 7 genera) era) era) 

Scrapers (1 out Clingers (1 out Miultivoltine (2 
of 7 genera) of 7 genera) out of 7 gen- 
era) 

Oligoneuriidae Filtering collec- Swimmers (1 Univoltine (1 


Heptageniidae 


Ephemerellidae 


Tricorythidae 
Neoephemeridae 
Caenidae 


tors (all gen- 
era) 


Scrapers (6 out 
of 8 genera) 
Predators (2 out 
of 8 genera) 
Scrapers (3 out 
of 6 genera) 
Gathering col- 

lectors (3 out 

of 6 genera) 
Gathering col- 

lectors (all 


genera) 


genus) 
Burrowers (1 
genus) 


Clingers (6 out 
of 8 genera) 
Swimmers (2 
out 8 genera) 
Clingers (5 out 
of 6 genera) 
Sprawlers (1 out 


of 6 genera) 


Sprawlers (all 


genera) 


genus) 
Multivoltine (1 
genus) 


Univoltine (all 
genera) 


Univoltine (all 
genera) 


Multivoltine (all 


genera) 
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TABLE |. Continued. 


Taxonomic 
level 


Order 
Families 


Order 
Families 


Taxa 


Potamanthidae 
Baetiscidae 


Leptophlebiidae 


Behningiidae 


Ephemeridae 
Palingeniidae 
Polymitarcyidae 


Hemiptera 


Gerridae 
Veliidae 
Hydrometridae 


Nepidae 
Belostomatidae 
Naucoridae 
Notonectidae 
Pleidae 


Saldidae 
Ochteridae 


Gelastocoridae 
Hebridae 


Corixidae 


Trichoptera 
Hydropsychidae 
Philopotamidae 


Polycentropodidae 


Hydroptilidae 


Functional group categories 


Feeding 
groups 


Gathering col- 
lectors (all 
genera) 


Gathering col- 
lectors (4 out 
of 5 genera) 

Shredders (1 out 
of 5 genera) 


Predators (1 ge- 
nus) 


Gathering col- 
lectors (all 
genera) 


Predators 


Predators 


Herbivore pierc- 
ers 


Filtering collec- 
tors (all gen- 
era) 


Piercer herbi- 
vores (7 out 
of 9 genera) 

Gathering col- 
lectors (2 out 
of 9 genera) 


Habit 
groups 


Sprawlers (all 
genera) 


Swimmers (3 
out of 5 gen- 
era) 

Sprawlers (1 out 
of 5 genera) 

Clingers (1 out 
of 5 genera) 


Burrowers (1 
genus) 

Burrowers (all 
genera) 


Skaters (all gen- 
era) 


Swimmers— 
climbers (all 
genera) 


Climbers (all 
genera) 


Skaters—climb- 
ers—burrow- 
ers—sprawIl- 
ers (all 
genera) 


Swimmers— 
climbers (all 
genera) 


Clingers (all 
genera) 


Clingers (6 out 
of 9 genera) 
Climbers (3 out 
of 9 genera 


Life history 
groups 


Multivoltine (all 
genera) 


Univoltine (4 
out of 5 gen- 
era) 

Multivoltine (1 
out of 5 gen- 
era) 


Univoltine (1 
genus) 


Univoltine (all 
genera) 


Univoltine (4 
out of 6 gen- 
era) 

Multivoltine (2 
out of 6 gen- 
era) 


Multivoltine (all 
genera) 


Univoltine (all 
genera) 


Univoltine (all 
genera) 


Univoltine (all 
genera) 


Univoltine (5 
out of 7 gen- 
era) 

Bivoltine (2 out 
of 7 genera) 


Univoltine (all 
genera) 
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TABLE |. Continued. 


Taxonomic 
level 


Order 


Families 


Taxa 
Psychomyiidae 
Rhyacophilidae 
Glossosomatidae 
Helicopsychidae 


Phryganeidae 


Brachycentridae 


Lepidostomatidae 
Limnephilidae 
Sericostomatidae 
Calamoceratidae 


Leptoceridae 


Beraeidae 


Molannidae 


Lepidoptera 
Pyralidae 


Cosmopterigidae 


Noctuidae 
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Functional group categories 


Feeding 
groups 


Scrapers (all 
genera) 


Predators (all 
genera) 


Scrapers (all 
genera) 


Predators (all 
genera) 


Filtering collec- 
tors (all gen- 
era) 

Shredders (all 
genera) 


Gathering col- 
lectors (3 out 
of 6 genera) 

Gathering col- 
lectors (2 out 
of 6 genera) 

Shredders—vasc 
plants (1 out 
of 6 genera) 


Gathering col- 
lectors (1 ge- 
nus) 


Gathering col- 
lectors (all 
genera) 


Shredders—vasc 
plants (8 out 
of 9 genera) 

Scrapers (1 out 
of 9 genera) 

Shredders 
plants (all 
genera) 

Shredders 
plants (all 


Vasc 


Vase 


genera) 


Habit 
groups 


Clingers (all 
genera) 
Clingers (all 
genera) 
Clingers (all 
genera) 
Climbers (all 
genera) 
Clingers (all 
genera) 


Sprawlers— 
clingers (all 
genera) 


Climbers— 
sprawlers (5 
out of 6 gen- 
era) 

Swimmers (1 
out of 6 gen- 
era) 


Sprawlers (1 ge- 
nus) 


Sprawlers (all 
genera) 


Climbers (8 out 
of 9 genera) 

Clingers (1 out 
of 9 genera) 


Burrowers (all 


genera) 


Burrowers (2 
out of 3 gen- 
era) 

Climbers (1 out 
of 3 genera) 


Life history 
groups 


Univoltine (all 
genera) 
Univoltine (all 
genera) 
Univoltine (all 
genera) 
Univoltine (all 
genera) 
Univoltine (all 
genera) 


Univoltine (all 
genera) 


Univoltine (all 
genera) 


Univoltine (1 
genus) 


Univoltine (all 
genera) 


Univoltine (all 
genera) 


Univoltine (all 
genera) 


Univoltine (2 
out of 3 gen- 
era) 

Bivoltine (1 out 
of 3 genera) 
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TABLE |. Continued. 


Taxonomic 
level Taxa 


Order 
Familes 


Coleoptera 
Gyrinidae 
Dytiscidae 
Noteridae 


Haliplidae 


Hydrophilidae 


Chrysomelidae 
Curculionidae 


Hydraenidae 


Elmidae 
Scirtidae 
Limnichidae 


Functional group categories 


Feeding 
groups 


Predators (all 
genera) 


Piercer—herbi- 
vores (all 
genera) 


Predators (lar- 
vae, all gen- 
era) 

Gathering col- 
lectors 
(adults, 12 
out of 18 
genera) 


Shredders—vasc 
plants (adults, 
6 out of 18 
genera) 


Shredders—vasc 
plants (larvae 
and adults, all 
genera) 


Predators (lar- 
vae, all gen- 
era) 

Gathering col- 
lectors 
(adults, all 
genera) 

Gathering col- 
lectors (all 
genera) 


Habit 
groups 


Climbers— 


swimmers (36 


out of 37 
genera) 
Burrowers (1 
out of 37 
genera) 


Climbers— 
clingers (lar- 
vae, all gen- 
era) 

Swimmers— 
climbers 
(adults, all 
genera) 


Climbers (lar- 
vae, all gen- 
era) 

Swimmers— 
climbers 
(adults, 6 out 
of 18 genera) 


Burrowers 
(adults, 7 out 
of 18 genera) 

Climbers, cling- 
ers, sprawlers 
(adults, 5 out 
of 18 genera) 

Clingers— 
climbers— 
sprawlers (all 
genera) 


Clingers— 
climbers— 


swimmers (all 


genera) 


Clingers (3 out 
of 8 genera) 

Climbers— 
sprawlers (5 
out of 8 gen- 
era) 


Life history 
groups 


Univoltine 
(most genera) 


Univoltine 
(most genera) 


Univoltine 
(most genera) 


Univoltine (10 
out of 16 
genera) 

Multivoltine (6 
out of 16 
genera) 


Univoltine (all 
genera) 


Univoltine (5 
out of 8 gen- 
era) 

Semivoltine (3 
out of 8 gen- 
era) 
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Taxonomic 
level 


Families 


Order 


Families 


Taxa 


Dryopidae 


Ptilodactylidae 


Diptera 
Ceratopogonidae 
Athericidae 
Dolichopodidae 
Empididae 
Tabanidae 
Sciomyzidae 
Dixidae 
Ptychopteridae 
Psychodidae 
Syrphidae 


Culicidae 
Simuliidae 


Chaoboridae 


Tipulidae 


Stratiomyidae 
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Functional group categories 


Feeding 
groups 


Shredders—vasc 
plants (larvae, 
all genera) 


Gathering col- 
lectors 
(adults, all 
genera) 


Shredders 


Predators (26 
out of 27 
genera) 

Scrapers (1 out 
of 27 genera) 


Gathering col- 
lectors (all 
genera) 


Filtering collec- 
tors (all gen- 
era) 


Predators (all 
genera) 


Predators (17 
out of 20 
genera) 

Shredders (3 out 
of 20 genera) 


Gathering col- 
lectors (4 out 
of 6 genera) 

Scrapers (2 out 


of 6 genera) 


Habit 
groups 


Burrowers (lar- 
vae, all gen- 
era) 

Clingers (adults, 

1 out of 2 gen- 
era) 

Climbers 
(adults, 1 out 
of 2 genera) 


Clingers 


Sprawlers—bur- 
rowers (all 
genera) 


Burrowers (10 
out of 11 
genera) 

Swimmers— 
climbers (1 
out of 11 
genera) 


Swimmers— 
planktonic (7 
out of 9 gen- 
era) 

Clingers (2 out 
of 9 genera) 
Sprawlers (day) 

Planktonic 
(night) (all 
genera) 

Burrowers (all 
genera) 


Sprawlers—bur- 
rowers (5 out 
of 6 genera) 

Climbers (1 out 


of 6 genera) 


Life history 
groups 


Univoltine (all 
genera) 


Semivoltine 


Univoltine (25 
out of 27 
genera) 

Multivoltine (2 
out of 27 
genera) 

Univoltine (4 
out of 11 
genera) 

Multivoltine (7 
out of 11 
genera) 


Multivoltine (all 
genera) 


Univoltine (all 
genera) 


Univoltine (all 
genera) 


Univoltine 
(most genera) 
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TABLE 1. Continued. 


Taxonomic 
level Taxa 
Ephydridae 
Family Chironomidae 
Sub- Tanypodinae 
family 
Diamesinae 
Prodiamesinae 
Orthocladiinae 
Chironominae 
Tribe Tanytarsini 
Pseudochironomini 
Chironomini 


DD, 


Functional group categories 


Feeding 
groups 


Gathering col- 
lectors (23 
out of 32 
genera) 

Scrapers (4 out 
of 32 genera) 

Shredders—vasce 
plants (3 out 
of 32 genera) 

Predators (2 out 
of 32 genera) 


Predators (25 
out of 28 
genera) 

Gathering col- 
lectors (3 out 
of 28 genera) 


Gathering col- 
lectors— 
scrapers (all 
genera) 


Gathering col- 
lectors (all 
genera) 


Gathering col- 
lectors (16 
out of 24 
genera) 

Shredders (4 out 
of 24 genera) 


Scrapers (3 out 
of 24 genera) 
Predators (1 out 
of 24 genera) 


Filtering collec- 
tors (all gen- 
efa) 

Gathering col- 
lectors (all 
genera) 

Gathering col- 
lectors (all 
genera) 


Habit 
groups 


Burrowers (18 
out of 32 
genera) 

Sprawlers (14 
out of 32 
genera) 


Sprawlers— 
clingers (all 
genera) 


Sprawlers— 
clingers (all 
genera) 


Sprawlers— 
clingers (all 
genera) 

Sprawlers— 
clingers (all 
genera) 


Clingers— 
sprawlers (all 
genera) 


Burrowers— 
sprawlers (all 
genera) 

Burrowers— 
sprawlers (all 
genera) 


Life history 
groups 


Multivoltine 
(most genera) 


Univoltine 
(most genera) 


Univoltine 
(most genera) 


Univoltine 


Multivoltine 
(most genera) 


Multivoltine 
(most genera) 


Univoltine 
(most genera) 


Multivoltine 
(most genera) 
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RESULTS AND DiscussiON—Relationship between taxonomic and func- 
tional group resolution—The freshwater invertebrate fauna of central and 
south Florida is fairly depauperate by comparison to the Central American 
tropics or the North American temperate region (Thorp and Covich, 1991). 
Beginning with this somewhat restricted faunal assemblage, the first step 
was to detail the specific fauna known or expected to occur in the Kissimmee 
River system. In order to be conservative as to the taxa that could be ex- 
pected to be encountered in the Kissimmee River system, records for the 
Kissimmee River-Lake Okeechobee-Everglades drainage basin south of Or- 
lando served as the geographic boundaries for the search. For the aquatic 
insects, the species most likely to be collected in samples from the Kissim- 
mee River Basin are listed in the Appendix, Table 1. The levels of functional 
classification achieved as the result of increasing levels of taxonomic reso- 
lution are summarized in Table 1 and the full analysis is given in Appendix, 
Table 2. The simplest example of the procedure of restricting taxonomic 
effort to maximize information about functional relationships is seen in the 
order Odonata (Table 1). The Odonata is the aquatic order for which the 
taxonomic data are most complete. Most species occurring in South Florida 
can be identified easily using existing keys (e.g., Needham and Westfall, 
1955), readily collected, and many larvae can be keyed to species. Thus, 
although detailed taxonomic analyses are relatively easy for the order Odo- 
nata, identifications at only the ordinal or subordinal level are required to 
designate functional feeding group and voltinism. All the aquatic larvae (and 
terrestrial adults) are predaceous and the two suborders differ in generation 
time (voltinism), which has important-implications for recolonization cycles. 

Establishing which species occur or may occur in the Kissimmee River 
Basin provides a valuable checklist against which to evaluate the diversity 
in various functional groups and the taxonomic difficulty to be expected in 
further refinement of generic determinations. The listing also allows for the 
evaluation of the probable level of error in functional group assignment if 
identifications in a particular group are made only to the family or generic 
level. For example, if mayfly (Ephemeroptera) larvae are identified to the 
family Heptageniidae, there is approximately an 83% probability that the 
genera belong to the scraper functional feeding group. However, since there 
is only One species in one genus out of the 10 species in all 6 genera that 
occur in South Florida that is a predator, the probability that the heptageniid 
is a scraper is closer to 90% (Table 1, Appendix, Tables 1 and 2). Further, 
determining that the heptageniid is not in the genus Spinadus insures that 
the collected heptageniid larva is a scraper. The most taxonomically diverse 
group, the chironomid midges (Diptera, Chironomidae), has 302 species that 
are most likely to be collected from the Kissimmee River-floodplain eco- 
system. The Trichoptera include a potential of 127 species and the least 
diverse group identified in this study. The Ephemeroptera include 72 poten- 
tially encountered species. By contrast, the mayfly (Ephemeroptera) fauna 
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alone from a typical small temperate stream would be approximately 30 to 
40 species (e.g. Coffman et al., 1971). 


Invertebrate functional groups as analogs of ecosystem attributes—The 
ratios of invertebrate functional feeding groups, habit types and voltinism 
characteristics that are proposed as analogs for ecosystem attributes are sum- 
marized in Table 2. An example of an ecosystem level prediction based on 
invertebrate functional group analysis would be the use of the ratio: scrapers 
plus live vascular hydrophyte shredders as a proportion of CPOM (detrital 
vascular plant) shredders plus total collectors. This ratio can serve as an 
analog to P/R, that is, the ratio of gross primary production to community 
respiration, or, more generally, the ratio of autotrophy to heterotrophy. Be- 
cause P/R provides an evaluation of the balance between autotrophy and 
heterotrophy, it is an excellent indicator of overall ecosystem organization 
and function. For example, turbidity, shading, and/or certain types of nutrient 
limitation restrict autotrophy, whereas the quantity and quality (1. e. degrad- 
ability) of vascular plant detritus, along with nitrogen and phosphorus levels, 
are known to regulate heterotrophy (e. g. Cummins, 1992; Hauer and Lam- 
berti, 1996). 

An example of the relationship between functional habit groups and 
ecosystem function is the accessibility of invertebrates to wading birds and 
benthic fish. The ratio of more exposed invertebrates, that is, sprawlers, 
clingers, and climbers, to less exposed or less vulnerable invertebrates, that 
is, burrowers and swimmers, is an indicator of this accessibility. Generation 
time is an indicator of habitat stability. For example, the presence of taxa 
with an annual or longer generation time, such as most of the dragonflies 
(anisopteran Odonata), would indicate that either the taxa are unusually suc- 
cessful as continuous colonizers, or water levels and other conditions are 
predictable on at least an annual cycle. Those taxa with generation times of 
less than a year would be much more likely to be effective colonizers in 
less stable habitats. 


Selected macroinvertebrate patterns among habitat types—Among the 
dominant invertebrates, such as the amphipod Ayalella, the pattern was for 
greatest abundance on snags, followed by the broad-leaf marsh habitats. The 
littoral zone had lower Hyalella densities and sediments had the lowest den- 
sities of all habitats collected (Table 3). As a facultative scraper with the 
capability of also functioning as a gathering collector (Table 5), Hyalella 
would be found in habitats with surfaces supporting high densities of pe- 
riphyton, but with little or no attached filamentous algae. 

The larva of the mayfly Baetis, which functions primarily as a gathering 
collector, but can also perform as a facultative scraper (Table 5), did not 
occur in the sediment samples and had highest densities on the snags and 
in the broad-leaf marsh (Table 3). The indication is that the vascular plant 
and snag habitats provided significant amounts of attached non-filamentous 
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TABLE 2. Relationships between invertebrate functional groups (feeding, habit, and voltin- 
ism) and ecosystem attributes for which they can serve as analogs. 


Ecosystem 
parameters 


Gross Primary Produc- 
tion as a proportion 
of Community Respi- 
ration 

P/R 


Coarse Particulate Or- 
ganic Matter as a 
proportion of Fine 
Particulate Organic 
Matter 

CPOM/FPOM 


Suspended Particulate 
Organic Matter as a 
proportion of Depos- 
ited (Benthic) Partic- 
ulate Organic Matter 

SPOM/BPOM 


Top Down Control 
TOP DOWN 


Habitat (Substrate) Sta- 
bility 
HABITAT 
STABILITY 


Predictable Food Sup- 
ply for Water Col- 
umn-Feeding Fish 

FISH FEEDING 

Most Available Food 
Supply for Wading 
Birds and Benthic- 
Feeding Fish 

WADING BIRD 
FOOD 

Short Life Cycle vs 

Long Life Cycle 
LIFE CYCLE 


Functional group 
ratios representing 
ecosystem parameters 


(feeding, habit, life 


history, food web) 


Shredders (Live Vasc. 
Plants) + Scrapers 
as a proportion of 
Shredders (CPOM 
Detritivores) + Total 
Collectors 


Total Shredders as a 
proportion of Total 
Collectors 


Filtering Collectors as 
a proportion of 
Gathering Collectors 


Predators as a propor- 
tion of Total of All 
Other Functional 
Feeding Groups 


Scrapers + Filtering 
Collectors as a pro- 
portion of Total 
Shredders + Gather- 
ing Collectors, or 
Clingers + Climbers 
as a proportion of 
Burrowers + Sprawl- 
ers + Swimmers 


Behavioral Drifters as 
a proportion of Ac- 
cidental Drifters 


Sprawlers as a propor- 
tion of Clingers + 
Climbers + Burrow- 
ers + Swimmers 


Generations Per Year 

= | as a proportion 
of Generations Per 
Year > | 


General criteria 
levels of ratios for 
evaluation of 
ecosystem parameters 


Methods used if 
ecosystem parameters 
are measured directly 


P/R measurements per 
unit area on a daily 
basis 


Autotrophic system 
>0.75 


CPOM/FPOM measure- 
ments per unit area of 
storage in and on the 


Normal shredder ripari- 
an system by season 
Dry: Fall—Winter 


sediments (benthic) >0.50 
on a seasonal basis Wet: Spring-Summer 
(wet and dry seasons) >0.25 


SPOM measured per 
unit volume and 
BPOM measured per 
unit area 


Enriched in suspended 
particulate organic 
matter 

>0.50 


High ratio of slow turn- 
over predators indi- 
cates high proportion 
of fast turnover non- 
predator taxa 


Normal top down pred- 
ator control 
<0.15 


Stable substrates not 
limiting in rivers 
>0.50 
Stable substrates not 
limiting in rivers, lit- 
toral zones, wetlands 
>0.60 


Measures available sur- 
faces for stable at- 
tachment (sediment 
coarser than moved 
by maximum trans- 
port velocity, large 
woody debris, rooted 
vascular hydro- 
phytes) 

Measures the predict- 
able dawn and dusk 


Good food supply for 
water column-feed- 


availability of food ing fish 
for drift-feeding fish >0.50 


Measures the vulnera- 
bility of food to 
wading birds and 
benthic feeding fish 


Good food supply for 
wading birds and 
benthic-feeding fish 

>0.60 


Measures the relative Pioneer, early succes- 
sional (less stable) 
community 

>0.75 


dominance of more 
rapidly colonizing 


species 
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algae as well as loosely associated FPOM. The filtering collector polycen- 
tropodid caddisfly larvae (Table 5), followed the same pattern as Baetis, 
with maximum relative abundances on Pontederia and the snag (Table 3). 
This suggests there also was sufficient water flow to allow the maintenance 
of catchnets in these habitats at least for sufficient periods of time to sustain 
the populations. 

At the time of sampling there was rapid flow around the snag and de- 
tectable flow around the Pontederia. The flows in the Kissimmee River 
system are regulated, so flows can be minimal or stagnant for varying pe- 
riods of time (Koebel, 1995; Toth et al., 1995). Chironomid midge and 
caddisfly larvae were the dominant group of insects in these habitats. The 
three most prominent genera of midges (Chironomus, Polypedilum, and Za- 
vreliella), all gathering collectors, were most abundant in the aquatic vas- 
cular plant habitats. Together with oligochaetes, leeches, and fingernail 
clams, the midges were the dominant group in the sediments (Table 3). The 
major feeding mode of all but the pelecypods, which filter at the sediment- 
water interface, was that of FPOM gathering collectors. 


Use of functional group ratios to evaluate ecosystem attributes—The 
intent of the study was to use an initial data set to evaluate the macroin- 
vertebrate functional feeding group and other process-oriented ratios to char- 
acterize an array of habitats of the Kissimmee River-floodplain ecosystem 
(Table 6). 

Of the six habitats that were sampled, two were in the littoral area 
(Nuphar beds and Polygonum beds), two in the broad-leaf marsh portion of 
the floodplain (Pontederia stand and Sagittaria stand), one was on snags, 
and one included the channel sediments. With the exception of Nuphar, the 
ratios based on biomass indicate the Kissimmee River-floodplain ecosystem 
was heterotrophic (P/R, Table 6). The presence of a few large noctuid (Lep- 
idoptera) larvae produced an autotrophic biomass ratio for the Nuphar hab- 
itat, and large numbers of small Hyalella yielded autotrophic numerical ra- 
tios for the broad leaf marsh and snag habitats. Hyalella, as a facultative 
scraper, likely fed on both periphyton and accumulated fine-particle detritus 
on stem and snag surfaces. 

Based on both numerical and biomass ratios, the Kissimmee River was 
not generally characterized during the autumn as a shredder system domi- 
nated by CPOM(CPOM/FPOM, Table 6). The exceptions were the biomass 
ratios for Nuphar and snag habitats. Large leaf- and stem-feeding Lepidop- 
tera larvae on Nuphar and the crayfish Cambarus on snags constituted the 
shredders that dominated these ratios. 

The calculated ratios indicate that FPOM in transport was not available 
to support large populations of filtering collectors (SPOM/BPOM) in the 
littoral zone, but was sufficient in the broad leaf marsh habitats (Table 6). 
Filtering collector caddisfly larvae produced an exception on snag habitats 
where current velocity was significant. The related estimate of appropriate 
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TABLE 3. Numbers of animals in qualitative samples from littoral, floodplain, and channel 
sediment habitats of the Kissimmee River. Collections in vascular plant beds made by 10-15 
minute sweep collections with D-frame aquatic nets (mesh size 0.8 mm). Sediment samples 
collected with Ponar grab. Numbers are mean per sample (NO) and total number for all samples 
(TOT). Number of samples: Nuphar = 11; Polygonum = 9; Pontederia = 6; Sagittaria = 4; 
Snags = 3; Sediments = 3. 


Nuphar Polygonum Pontederia  Sagittaria 


bed bed stand stand Snags Sediment 
Taxa NO TOT NO TOT NO TOT NO TOT NO TOT NO TOT 
Annelida 
Oligochaeta OD 2, “NS 0.8 4 0:3), Al 6.0 18 
Hirudinea 0.1 1 0.2 Dy 0.3 2 U3 DD 
Polychaeta (QPF nnd 
Mollusca 
Gastropoda 
Ancylidae 
Ferrissia 0.1 1 153 oe 0.8 5 0.6 2 
Planorbidae 0.4 4 0.4 4 DSie ule: LO aeS 
Pomacea 0.6 6 
Helisomidae 
Helisoma 0.9 9 5:4 49) 15:7" 94 MAZSiAaSs 0.7 2 OS ial 
Physidae 
Physella 1.0 10 5.1 46 Py Cy IS Bi7/ 1.7 5 
Pelecypoda 6.0 18 
Crustacea 
Ostracoda 
Limnocythere 2.0 20 8.8 79 4.3 - 26 4.3 13 Dali 8 AD. 
Cypricercus 0.1 1 6.0 54 0.7 4 ORS O13 
Cyprois 0.4 4 3937 20 OSF al 
Candonocypris OD eZ 1.4 13 
Cladocera 
Daphnia Ww\ PPS) 0.3 3 1.0 60) 205/.162 
Copepoda 
Orthocyclops (OS) S) 0.3 2 ZOO 
Amphipoda 
Hyalella 4.7 47 OW 96, 28:5) 171) 310 793) 5220856 (OI 
Decapoda 
Cambaridae 0.1 ] Ie) 0 123 4 
Palaemonidae 
Palaemonetes ON. 1.8 16 Seales 9.7 29 
Hydracarina 19 21 228 iS 0.2 l 6.0 18 
Insecta 
Odonata 
Anisoptera 
Corduliidae 
Neurocordulia Os} 9S 0.3 3 0.3 l 
Libellulidae 
Perithemis 0:4 4 0.1 | 0.3 l 
Erythemis 0.6 5 0.2 | 
Pachydiplax 0.7 6 


Miathyria 0.1 | 
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TABLE 3. Continued. 


Nuphar Polygonum Pontederia  Sagittaria 
bed bed stand stand Snags Sediment 


Taxa NO TOT NO TOT NO TOT NO TOT NO TOT NO TOT 


Aeschnidae 
Nasiaeschna 0.1 1 
Zy goptera 
Coenagrionidae 
Nehalennia 0.8 9 0.1 1 0.5 3} 3% &) 1.0 ) 
Lestidae 
Lestes (2) el 
Ephemeroptera 
Baetidae 
Baetis On 2 0.1 1 43 26 iets 7/ 9.7 29 
Paracloeodes 0.7 6 
Caenidae 
Caenis 0.1 1 slat i) 1 7 2.0 8 0.3 1 
Trichoptera 
Undetermined 
Pupae 0.7 2 
Polycentropodidae 
Undetermined 0.1 1 0.1 ] 
Cyrnellus O05 6 6.0 36 D3 7 OM = 2 
Cernotina 1.0 6 6.7 20 
Leptoceridae 
Undetermined 0.2 1 (3) Il 
Oecetis 1 f0)= Il 0.1 1 0.3 1 5) 037-4 
Mystacides 03}, il 
Setodes 
Hydroptilidae 0.2 1 
Undetermined 
Oxyethira 03 3 0.2 DD 0.5 3 1hOF 4: 0.3 1 
Orthotrichia 0.1 1 0.8 3 
Psychomyiidae 0.7 2 
Undetermined 
Hemiptera 
Belostomatidae 
Belostoma 03 3 0.6 5 1.0 6 0.3 1 
Pleidae 
Paraplea 0.2 2 
Corixidae 
Undetermined Osi il 0.3 3 10 4 
Hebridae 
Lipogomphus 0.1 1 Oe} 
Mesoveliidae 
Mesovelia Ost 0.2 1 OV Il 
Nepidae 
Ranatra O22 
Ochteridae 
Ochterus 0.2 1 


i) 
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TABLE 3. Continued. 


Nuphar Polygonum Pontederia  Sagittaria 
bed bed stand stand Snags Sediment 


Taxa NO TOT NO TOT NO TOT NO TOT NO TOT NO TOT 


Lepidoptera 
Pyralidae 
Munroessa 0.1 1 
Parapoynx 0.2 1 03 Val 
Undulambia 0.2 1 
Noctuidae 
Simyra O22 
Bellura O12 1 0.2 1 
Undetermined 0.1 1 0.1 1 0.2 1 OS al 
Coleoptera 
Undetermined Os Sal 
Dytiscidae 
Celina O02, 2 0.3 3 
Coptotomus 0.5 3 
Pachydrus OI 0.3 3 0.3 
Gyrinidae 
Dineutus 0.1 1 
Haliplidae 
Peltodytes 0.3 3 
Hydrophilidae 
Berosus 0.2 2 0.1 1 0.2 1 0.8 3 
Derallus Ou 1 0.1 1 0.2 1 
Tropisternus 0.4 4 
Noteridae : 
Hydrocanthus .03 3 0.2 1 
Notomicrus 0.5 3 
Pronoterus 0.5 3 
Suphis O27 0.2 
Diptera 
Tipulidae 
Limnophila 0.1 1 
Tabanidae 
Tabanus 0.1 1 
Culicidae 
Anopheles 0.1 1 
Stratiomyidae 
Odontomyia 0.1 l 0.5 
Empididae 
Rhamphomyia 0.1 ] 
Ceratopogonidae 
Ceratopogoninae 
Undetermined 033 1.8 16 
Chironomidae 
Tanypodinae 
Ablabesmyia (Oss 7 iy Wo 398) 23 OS ir2 1.0 3 27 8 
Clinotanypus 0.4 4 OSS 03a 
Labrundina 0.1 | 
Larsia 0.2 
Paramerina 0.3 3} 0.5 
Procladius 0.1 l 


i) 


i) 


0.5 


i) 


bho 


tO 

tO 

\o 
to 
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TABLE 3. Continued. 


Nuphar Polygonum Pontederia  Sagittaria 


bed bed stand stand Snags Sediment 
Taxa NO TOT NO TOT NO TOT NO TOT NO TOT NO TOT 
Orthocladiinae 
Cricotopus Osa 0.1 1 3. 5) 
Nanocladius 0.3 D 
Chironominae 
Chironomini 
Chironomus SOR4OF 12201165 102 ol 185) 74 10.0 30 
Cladopelma (W72-% 72 0.4 4 sy © 113} 4 
Cryptochironomus 0.5 5 1S ele 
Cryptotendipes 04 4 
Dicrotendipes 0.2 1 
Glyptotendipes OD 2 46 41 0.5 3 OFS eS DS df VOY 2 
Goeldichironomus 0.1 1 0.2 1 
Lauterborniella 0.3 3 0.2 1 
Parachironomus 1.0 9 0.2 i 
Polypedilum 2ele23 7.6 68 DS 15) DES 553 6 OSS 
Zavreliella 3 sg 5.4 48 0.2 1 20) 28 Oy 2 
Tanytarsini 
Nimbocera 0.1 1 
Paratanytarsus 0.2 1 
Tanytarsus oils A) 0.3 2 0.8 3 
Terrestrial 
Arachnida 0.1 1 
Hemiptera 
Cicadellidae OL == 2 OSnal 
Vertebrata 
Pisces 
Gambusia* DDD pp) 316) 32 6.0 18 7yey A) 


* Not included in functional group calculations. 


stable substrates for attachment (Habitat Stability, Table 6) gave high ratios 
for the Nuphar beds, broad leaf marsh, and snag habitats, based on both 
functional feeding and habit groups. The ratios indicate that in these specific 
habitats, rigid plant stems and large woody debris provided adequate attach- 
ment sites for macroinvertebrates in the Kissimmee system. Because the 
dominant habit functional groups reflect the types of surfaces available for 
attachment (i.e., burrowing, etc.), the stems of plants in the broad-leaf marsh 
habitats supported large populations of climbers (Table 4). 

Predators, which normally constitute about 15% or less of the total fauna 
(Table 2), were generally above this range in all habitats (Top Down, Table 
6). Exceptions to this are due to the presence of small numbers of large 
odonates, characteristic of wetland and floodplain habitats (Benke, 1976; 
Duffy, 1994). It is likely that the prey base consisted of rapid turnover 
(multivoltine) species. In fact, all the habitats were dominated by uni- and 


OOIC 
L081 


VIcl 
L:96C 


vl 
OLT 


c9l 


OPE, 
8601 


© 6L 
a0) 


O'l 
VL 
OOS 
OFS! 
C LEI 
vs 


Orl 
8CV 


N 


19 
8 VSP 


9° C8E 
ecel 


60 
9°87 
OLE 
90S 
V8l 
VCS 


8LI 
LvV 


e vl 
PV 8SV 


LO08¢ 
8 6el 


O81 
eSLl 


6 687C 
O'VLS 


c 16S 
O'VLT 


orl JA | uey) a0 
6l€ SSo] IO Ie9K | 
UISTUIOA 
CEC Yup juaploy 
CET up IoOIAvyag 
pooy Ysy ld 
C SIDIBYS 
€e SIOUIWIMS 
LLI sIaMOLINgG 
YE siapmeids 
S6 SIOQUII]D 
8 SIaBul[D 
sdnois [euonouny yiqey 
€ SUIPAdJ-UON 
CL s1o\epoid 
6 JUR[q—S199191g 
801 siadei9s 
tv WOdd Sunil 
Lol WOda suuayiey 


$1019] [0D 
smineq WOdO 
S]JUP[q ISPA IAT] 


S1oppolys 
sdnois surpasj [RuOtIUNY 


N 


rw 


spoq “pydnny 


a 
Sle Gl 
5 SL SOL 
2 
Vly 69 
seus Ge 
0 0 
ee Z 
Teg «8 69 
9°8 (ie 
a 9 
g €°8 67 
il 
Zz 
= 
5 as € 
nN 
S LU li 
Q 
a e 
5 8" 6 
E GE Z 
608 tL 
0 0 
0 0 
SSVN. ON 
LNAWIGaS 


236 


spurys DIUDIISD5 


spurys Diuapajuog 


spoq wnuosdA]od 


‘sadA} yeVIGey XIS JO YOR JOJ SUOTVUSISap UUSTUN[OA pue sdnois [euONOUNY Jlup pure jqey ‘Surpsoy Aq pa[ejo} ‘sayeiqayoAul ure;dpooy 


pure [e10}I] JOARY sourtUIssry Jo (odA} yeIQey Yyors WO sopduues [fe UL payoo][OO Sul ul sseur pue JOquinu [e}0}) sseUOIg AIp pue Aysuoq “Pp FIEVL 


No. 4 1996] MERRITT ET AL—ANALYSIS OF KISSIMMEE RIVER ECOSYSTEM 237 


TABLE 5. Functional and generation time designations used to convert sample data (Table 
3) to ratios for each ecosystem attribute (Table 6). Abbreviations for the functional feeding, 
habit, and voltinism groups are as follows: Functional Feeding Groups: SH-VP: shredders of 
vascular plants; SH-CPOM: shredders of CPOM detritus; GCOLL: gathering collectors; 
FCOLL: filtering collectors; SC: scrapers; PRC: plant piercers; PRED: predators; NF: non- 
feeding stages. Functional Habitat Groups: CLG: clingers; CLB: climbers; SPR: sprawlers; 
BUR: burrowers; SWM: swimmers; SKT: skaters. Voltinism: UNI: univoltine (1 
generation/year); BIV: bivoltine (2 generations/year); TIV: trivoltine (3 generations/year); MLT: 
multivoltine (>3 generations/year). f = facultative and o = obligate status in the functional 
feeding group categories. When two facultative categories are given, an * indicates which one 
was used in calculating the ecosystem attribute ratios. 


Functional groups 


Taxa Feeding Habit Voltinism 
Annelida 
Oligochaeta GGOLL-f*, PRED-f BUR UNI 
Hirudinea PRED-f*, GCOLL-f SPR UNI 
Polychaeta BUR UNI 
Mollusca 
Gastropoda 
Anyclidae 
Ferrissia SC-o CLG MLT 
Planorbidae SC-o CLG MLT 
Pomacea SC-o CEG MLT 
Helisomidae 
Helisoma SC-o CLG MLT 
Physidae 
Physella SC-o CLG MLT 
Pelecypoda FCOLL-o BUR UNI 
Crustacea 
Ostracoda 
Limnocythere GCOLL-f*, SC-f SWM MLT 
Cypricercus GCOLL-f*, SC-f SWM MLT 
Cyprois GCOLL-f*, SC-f SWM MLT 
Candonocypris GCOLL-f*, SC-f SWM MLT 
Cladocera 
Daphnia FCOLL-o SWM MLT 
Copepoda 
Orthocyclops FCOLL-f*, PRED-f SWM MLT 
Amphipoda 
Hyalella SC-f*, GCOLL-f SWM-f*, SPR-f MLT 
Decapoda 
Cambaridae SH-CPOM-f*, SH-VP-f SPR BIV 
Palaemonidae 
Palaemonetes GCOLL SWM-f*, SPR-f UNI 
Hydracarina PRED-f*, GCOLL-f SWM UNI 
Insecta 
Odonata 
Anisoptera 
Corduliidae 


Neurocordulia PRED-o SPR BIV 
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TABLE 5. Continued. 


Taxa 


Libellulidae 
Perithemus 
Erythemus 
Pachydiplax 
Miathyria 

Aeschnidae 
Nasiaeschna 

Zy goptera 

Coenagrionidae 
Nehalennia 

Lestidae 
Lestes 

Ephemeroptera 

Baetidae 
Baetis 
Paracloeodes 

Caenidae 
Caenis 

Trichoptera 

Undetermined pupae 

Polycentropodidae 
Undetermined 
Cyrnellus 
Cernotina 

Leptoceridae 
Undetermined 
Oecetis 
Mystacides 
Setodes 

Hydroptilidae 
Undetermined 
Oxyethira 
Orthotrichia 

Psychomyiidae 
Undetermined 

Hemiptera 

Belostomatidae 
Belostoma 

Pleidae 
Paraplea 

Corixidae 
Undetermined 

Hebridae 
Lipogomphus 

Mesoveliidae 
Mesovelia 

Nepidae 


Ranatra 


FLORIDA SCIENTIST 


Functional groups 


Feeding 


PRED-o 
PRED-o 
PRED-o 
PRED-o 


PRED-o 


PRED-o 
PRED-o 
GCOLL-f*, SC-f 
GCOLL-f*, SC-f 
GCOLL-o 

NF 

FCOLL 

FCOLL 
PRED-f*, FCOLL-f 
GCOLL 

PRED 

GCOLL 

GCOLL 

PRC 

PRC 

PRC 


SC 


PRED 
PRED 
SC 

PRED 
PRED 


PRED 


Habit 


SPR 
SPR 
SPR 
SPR 


CLB 


CLB 
CLB-f*, SPR-f 
SWM 
SWM 
SPR 
BUR 
CLG 
CLG 
CLG 
SPR 
SPR 
SPR 
SPR 
CLB 
CLB 
CLB 


CLG 


SWM 


SWM 


SWM 


CLB 


SKT 


CLB 


[VOL. 59 


Voltinism 


BIV 
BIV 
BIV 
BIV 


BIV 


MLT 
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TABLE 5. Continued. 


Functional groups 


Taxa Feeding Habit Voltinism 


Ochteridae 
Ochterus PRED CLB UNI 
Lepidoptera 
Pyralidae 
Munroessa SH-VP CLB UNI 
Parapoynx SH-VP CLB UNI 
Undulambia SH-VP CLB UNI 
Noctuidae 
Simyra SH-VP CLB UNI 
Bellura SH-VP BUR UNI 
Undetermined SH-VP CLB UNI 
Coleoptera 
Undetermined PRED CLB UNI 
Dytiscidae 
Celina PRED CLB BIV 
Coptotomus PRED CLB BIV 
Pachydrus PRED CLB BIV 
Gyrinidae 
Dineutus PRED SWM UNI 
Haliplidae 
Peltodytes SH-VP SWM UNI 
Hydrophilidae 
Berosus PRED CLB BIV 
Derallus PRED CLB BIV 
Tropisternus PRED CLB BIV 
Noteridae 
Hydrocanthus PRED CLB UNI 
Notomicrus PRED CLB UNI 
Pronoterus PRED CLB UNI 
Suphis PRED CLB UNI 
Diptera 
Tipulidae 
Limnophila PRED BUR UNI 
Tabanidae 
Tabanus PRED BUR MLT 
Culicidae 
Anopheles FCOLL SWM MLT 
Stratiomyidae 
Odontomyia GCOLL SPR UNI 
Empididae 
Rhamphomyia PRED SPR UNI 
Ceratopogonidae 
Ceratopogoninae 
Undetermined PRED BUR MLT 
Chironomidae 
Tanypodinae 
Ablabesmyia PRED SPR MLT 
Clinotanypus PRED BUR MLT 


Labrundina PRED SPR 
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TABLE 5. Continued. 


Functional groups 


Taxa Feeding Habit Voltinism 


Larsia PRED SPR 
Paramerina PRED SPR UNI 
Procladius PRED SPR 
Orthocladiinae 
Cricotopus GCOLL CLG MLT 
Nanocladius GCOLL SPR MLT 
Chironominae 
Chironomini 
Chironomus GCOLL BUR MLT 
Cladopelma GCOLL BUR MLT 
Cryptochironomus PRED SPR MLT 
Cryptotendipes GCOLL SPR MLT 
Dicrotendipes GCOLL SPR MLT 
Glyptotendipes SH-CPOM BUR MLT 
Goeldichironomus GCOLL BUR MLT 
Lauterborniella GCOLL CLB MLT 
Parachironomus PRED SPR MLT 
Polypedilum GCOLL CLB MLT 
Zavreliella GCOLL CLB MLT 
Tanytarsini 
Nimbocera FCOLL CLG MLT 
Paratanytarsus FCOLL “CLG MLT 
Tanytarsus FCOLL CLG MLT 
Terrestrial 
Arachnida PRED CLB 
Hemiptera UNI 
Cicadellidae SH-VP CLB UNI 
Vertebrata 
Pisces 
Gambusia* PRED SWM MLT 


multivoltine taxa, giving a strong indication that the invertebrate populations 
of the system were dominated by species that could readily colonize new 
and different habitats (Life Cycle, Table 6). This would lead to the expec- 
tation that new habitats that become available as a result of the restoration 
should be rapidly colonized by a significantly diverse and abundant inver- 
tebrate fauna. 

The ratio of behavioral drifting invertebrates to those that drift acciden- 
tally (Table 2) indicates that the predictability of food in transport generally 
was in good supply for drift (i.e., water column)-feeding fish (Fish Feeding, 
Table 6). Also, as indicated previously, flows in the Kissimmee River are 
regulated so that even if the potential drifting species are present, adequate 
flow to distribute them may be lacking for long periods of time. However, 
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swimmer species, such as Baetis, may still appear in the water column and 
be fed upon by fish. 

Based on habit type (Table 2) the ratio of invertebrates with more ex- 
posed habits (e. g., sprawlers) compared to those with less exposed habits 
(burrowers, etc.), indicates that a poor food supply was available for wading 
birds and benthic-feeding fish in the Kissimmee River system. In particular, 
the sediments, which were generally not accessible to wading birds due to 
depth, represented unsuitable habitat for wading-bird feeding (Wading Bird 
Food, Table 6). 


CONCLUSIONS—From the information summarized and the analyses pre- 
sented of the initial data set, it seems most likely that the invertebrate fauna 
of the Kissimmee River system will be characterized by relatively low tax- 
onomic diversity, even if a large percentage of the potential species (Ap- 
pendix, Table 1) are encountered. However, those taxa that were collected 
in the initial set of samples are amenable to functional analysis and evalu- 
ation that can be used to characterize and predict ecosystem attributes. It 
seems clear that the functional analytical procedure presented here can serve 
as a useful tool for evaluating changes in the Kissimmee River-floodplain 
ecosystem as the restoration proceeds. 

Based on the limited set of initial samples, the littoral-floodplain Kis- 
simmee River system may be generally heterotrophic. Moreover, in habitats 
where light penetration, stable surfaces, and flow are in acceptable ranges 
to support an actively growing periphyton, such as on the slightly submerged 
surfaces of snags, the ecosystem is likely to be autotrophic. This would be 
reflected in large populations of scrapers. These are however largely facul- 
tative scrapers that can also function as gathering collectors utilizing the 
FPOM that the heterotrophic condition of the ecosystem implies and that 
the large populations of all gathering collectors require. The scraping, gath- 
ering collector, and predator invertebrate community, having many forms 
that are climbers and swimmers, suggests that, in general, there probably 
would be insufficient support for good populations of wading birds and fish 
that feed near the bottom. In addition, the annual or shorter life cycle char- 
acteristic of most of the taxa that were collected and the abundance of mobile 
swimming forms indicate that the populations should rapidly exploit new 
habitat areas as they become available through the restoration project. Con- 
versely, there was a relative paucity of taxa having longer than annual life 
cycles and of those exhibiting more sedentary habits. This indicates that 
faunal succession is still in its early stages, and further changes (primarily 
additions of new taxa) to the species compliment are to be expected. Con- 
tinuing study of this process should be of considerable value in understand- 
ing restoration and recovery in such ecosystems. 
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TABLE 1. List of species of aquatic insects (grouped by higher taxa) that are likely to be 
found in the Kissimmee River Basin, either under present conditions or after the proposed 
restoration of the river and its floodplain. (* At least one species present. + Additional species 
likely. Species presently known to occur in the Kissimmee River basin.) 


Ephemeroptera 


Siphlonuridae 
Siphlonurus 
decorus 
luridipennis 
marginatus 
mirus 
qubecensis 
Metretopodidae 
Siphloplecton 
brunneum 
fuscum 
simile 
speciosum 
Baetidae 
Baetis 
ephippatus 
ondalis 
intercalaris 
propinquus 
pygmaeus 
Callibaetis 
floridanus* 
pretiosust 
Centroptilum 
hobbsi 
viridocularis= 
Cloeon 
alamance 
(or unknown sp) 
rubropictum 
Pseudocloeon 
alachua 
bimaculatus 
parvulum 
punctiventris 
Oligoneuriidae 
Homoeoneuria 
(=Oligoneuria) 
dolani 
Isonychiidae 
Isonychia 
arida 
berneri 
sicca 
sayl 
Heptageniidae 
Heptagenia 


flavescens 
centralis 
Macdunnoa 
brunnea 
Pseudiron 
centralis 
Stenacron 
floridense 
interpunctatum 
Stenonema 
exiguum 
integrum 
mexicannum 
smithae 
Spinadis 
wallacei 
Leptophlebiidae 
Choroterpes 
hubbelli 
Habrophlebia 
vibrans 
Habrophlebiodes 
brunneipennis 
Leptophlebia 
bradleyi 
collina 
intermedia 
Paraleptophlebia 
volitans 
Ephemerellidae 
Attenella 
attenuata 
Ephemerella 
choctawatchee 
dorothea 
rotunda 
temporalis 
Timpanoga 
Dannella 
simplex 
Serratella 
defiiciens 
Caenidae 
Brachycercus 
berneri 
maculatus 
nasutus 
Caenis 


diminutat 
hilaris 
Baetiscidae 
Baetisca 
becki 
escambiensis 
gibbera 
aurentina 
obsea 
rogersi 
Behningiidae 
Dolania 
americana 
Polymitarcyidae 
Tortopus 
incertus 
Palingeniidae 
Pentagenia 
vittigera 
Ephemeridae 
Hexagenia 
bilineata 
limbata 
orlando 
Ephemera 
simulans 
Litobrancha 
recurvata 


Odonata 


Calopterygidae 
Calopteryx 
dimidiatat 
maculatat 
Hetaerina 
titiat 
Lestidae 
Lestes 
viduat 
vigilaxt 
Coenagrionidae 
Argia 
atra 
fumipennis 
moestat 
sedulat 
tibialis® 
Enallagma 


TABLE 1. Continued. 


civile= 
coecum= 
daeckii= 
doubledayi= 
durum= 
pollutum= 
signatum= 
vesperum= 
weewda= 
Ischnura 
hastatat 
kellicotti= 
posita= 
prognataz 
ramburiit= 
Nehalennia 
integricollis= 
pallidulat 
Neoerythromma 
cultellatum 
Telebasis 
byersiz 


Aeshnidae 


Anax 
junius= 
longipes= 
Boyeria 
vVinosa= 
Coryphaeschna 
adnexa 
ingens= 
viriditas 
Epiaeschna 
heros= 
Gomphaeschna 
antilope= 
Gynacantha 
nervosa 
Nasiaeschna 
pentacantha= 
Triacanthagyna 
trifida= 
Gomphidae 
Aphylla 
willaimsoniz 
Arigomphus 
pallidus= 
Dromogomphus 
armatus= 
Spinosus= 
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Gomphus 
australis= 
dilatatus= 
cavillaris= 
minutus= 

Hagenius 
brevistylus= 

Progomphus 
alachuensis= 

Stylurus 
plagiatus= 

Cordulegastridae 

Cordulegaster* 

Corduliidae 

Didymops 
floridensis= 

Macromia 
georgina® 
taeniolatat 

Epitheca (Epicordulia) 
cynosurat 
princeps= 
seplat 
stella= 

Neurocordulia 
alabamensis= 

Somatochlora 

filosa= 
Libellulidae 
Brachymesia 
furcata 
gravida= 

Celithemis 
amanda= 
bertha= 
eponina= 

fasciataz 
ornata= 

Crocothemis 
serviliat 

Erythemis 

plebejaz 
simplicicollis= 
vesiculosa 

Erythrodiplax 
berenice 
connata minuscula= 
umbrata 

Idiataphe 
cubensis 
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Ladona 
deplanata 

Libellula 
auripennis= 
axilenat 


exusta deplanatus= 


incesta= 
needhami= 
vibrans= 
Macrodiplax 
balteata 
Miathyria 
marcella= 
Micrathyria 
aequalis 
didyma 
Orthemis 
ferrugineat 
Pachydiplax 
longipennis= 
Pantala 
flavescens= 
hymenaeat 
Perithemis 
tenera 
Sympetrum 
corruptum= 
Tauriphila 
australis= 
Tramea 
abdominalis 
carolina= 
insularis 
lacerata= 
onusta= 


Hemiptera 
Gerridae 


Gerris 
canaliculatus 
nebularis 
conformis 

Limnogonus 
hesione 
canaliculatus 

Metrobates 
depliatus 
ocalensis 
hesperius 
anomalus 
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comatipes 
Trepobates 
pictus 
subnitidus 
inermis 
citatus 
oridensis 
Neogerris 
hesione 


Rheumatobates 


rileyi 
enuipes 
Veliidae 
Microvelia 
borealis 
hinei 
albonotata 
buenio 
alachuana 
Rhagovelia 
choreutes 
obesa 
Paravelia 
brachialis 
Husseyella 
turmalis 
Mesoveliidae 
Mesovelia 
mulsanti 
bisignata 
amoena 
Nepidae 
Ranatra 
australis® 
buenoi 
drakei 
kirkaldy 
nigra 
uscd 
Belostomatidae 
Lethocerus 
uhleri 
Belostoma 
utarium 
testaceum 
Abedus 
immaculatus 
cantralli 
Notonectidae 
Notonecta 
indica 
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uhleri 
irrorata 
Buenoa 
margaritacea 
limnocastoris 
elegans 
scimitra 
marki 
Pleidae 
Neoplea 
striola 
Paraplea* 
Naucoridae 
Pelicoris 
femoratus® 
Corixidae 
Hesperocorixa 
interrupta 
brimleyi 
nitida 
ucida 
martini 
vulgaris 
harrissit 
semilucida 
Sigara 
hubbelli 
bradleyi 
sigmoidea 
zimmermani 
scabra 
signata 
macrocepsoidea 
macropala 
Palamacorixa 
buenoi 
Trichocorixa 
louisianae 
verticalis 
minima 
naias 
sexcinta 
kanza 
Ochteridae 
Ochterus 
banksi 
flaviclavus 
americanus 
Hydrometridae 
Hydrometra 
martini 
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myrae 
barei 
wileyi 
australis 
hungerfordi 
Hebridae 
Merragata 
brevis 
hebroides 
brunnea 
Hebrus 
buenoi 
burmeisteri 
concinnus 
consolidus 
Gelastocoridae 
Gelastocoris 
oculatus 
nerthra 
Stygiea 
rugosa 
Saldidae 
Saldoida 
cornuta 
slossoni 
Pentacora 
hirta 
signoreti 
sphacelata 
Saldula 
coxalis 
pallipes 
opacula 
Micracanthia 
pumpila 
husseyt 
humilis 
floridana 
Megaloptera 
Corydalidae 
Chauliodes 
pectinicornis 
rastricornis 
Neohermes 
concolor 
Nigronia 
fasciatus 
serricornis 
Sialidae 
Sialis 
americana 
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Neuroptera 
Sisyridae 
Sisyra 
apicalis= 
Trichoptera 
Hydropsychidae 
Hydropsyche 
decalda 
alvata 
betteni 
ellisoma 
marginalis 
incommoda 
simulans 
orvis 
rossi 
Macrostemum 
(=Macronema) 
carolina 
transversa 
zebratum 
Diplectrona 
modesta 
metaqui 
Cheumatopsyche* 
Ceratopsyche 
(=Symphitopsyche) 
sparna 
Parapsyche* 
Potamyia* 
Polycentropodidae 
Cyrnellus 
fraternus= 
marginalis 
Neureclipsis 
crepuscularis 
melco 
Nyctiophylax 
banksii 
affinis 
celta 
Polycentropus 
cinereus 
crassicornis 
Phylocentropus 
placidus 
carolinus 
lucidus 
Cernotina 
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calcea 
spicata 
Psychomyiidae 
Lype 
diversa 
Philopotamidae 
Chimarra 
florida 
socia 
moselyi 
aterrima 
feria 
obscura 
Dolophilodes* 
Wormaldia 
moesta 
Rhyacophilidae 
Rhyacophila 
carolina 
accola 
Hydroptilidae 
Mayatrichia 
ayama 
Neotrichia 
vibrans 
Hydroptila 
hamata 
latosa 
disgalera 
quinola 
carolae 
remita 
poirrieri 
Ochrotrichia 
tarsalis 
Orthotrichia 
aegerfasciella 
Oxyethira 
elerobi 
glasa 
janella 
novasolta 
setosa 
kingi 
zeronia 
leonensis 
maya 
Leucotrichia* 
Agraylea* 
Palaeagapetus* 


Helicopsychidae 
Helicopsyche 
borealis 
Phryganeidae 
Phryganea* 
Agrypnia* 
Ptilostomis* 
Banksiola 
concatenata 
Brachycentridae 
Brachycentrus 
chelatus 
numerosus 
Micrasema 
rusticum 
wataga 
Leptoceridae 
Ceraclea* 
Leptocerus 
americanus= 
Mystacides 
sepulchralis 
Nectopsyche 
candida 
exquisita 
pavida 
spiloma 
Oecetis 
inconspicuat 
avara 
cinerascens 
georgia 
osteni 
sphyra 
Triaenodes 
ignita 
helo 
mephitus 
Setodes* 
Lepidostomatidae 
Lepidostoma* 
Limnephilidae 
Pycnopsyche 
scabripennis 
guttifer 
Hydatophylax 
argus 
Molannidae 
Molanna 
tryphena 
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ulmerena 
Sericostomatidae 
Agarodes 
crassicornis 
ziCczac 
Beraeidae 
Beraea* 
Calamoceratidae 
Anisocentropus 
pyraloides 
Heteroplectron* 
Glossosomatidae 
Protoptila* 
Lepidoptera 
Pyralidae 
Chilo 
demotellus 
Chrysendeton* 
3 species 
Contiger* 
3 species 
Crambus 
satrypellus 
Dicymolomia 
julianalis 
pegasalis 
metalophota 
Eoparagyractis 
Langessa* 
Munroessa 
icciusalis 
faulalis 
gyralis 
nebulosalis 
Neargyractis 
solossonalis 
Neocataclysta* 
Ostrinia 
penitalis 
Parapoynx 
allionealis 
badiusalis 
diminutalis 
maculalis 
obscuralis 
seminealis 
Sameodes 
albiguttalis 
Samea 
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multiplicalis 
Synclita 
obliteralis 
Undulambia 
striatalist 
Vogtia 
malloi 
Noctuidae 
Acronicta 
oblinita 
Archanara 
oblonga 
subflava 
Bellura 
(inc. Arzama) 
anoa 
brehmei 
densa 
gortynoides 
melanopyga 
obliqua 
Dipterygia 
scabriuscula 
Neoerastria 
apicosa 
caduca 
Simyra 
henrici 
Spodoptera+ 
latifascia 
frugiperda 
Nycterosea 
obstipata 
Euphylia 
centrostrigaria 
Epiblem 
otiosana 
Arctiidae 
Spilosoma 
virginica 
Cosmopterigidae 
Cosmopterix 
nitens 
Sphingidae 
Eumorpha 
fasciata 


Coleoptera 
Gyrinidae 
Dineutus 
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angustus 
carolinus 
cialiatus 
discolor 
emarginatus 
productus 
serrulatus 
Gyrinus 
analis 
elevatus 
frosti 
minutus 
pachysomus 
pernitidus 
rockinghamensis 
woodruffi 
Haliplidae 
Haliplus 
annulatus 
confluentus 
fasciatus 
‘punctatus 
triopsis 
Peltodytes 
dietrichi 
dunavani 
floridensis 
lengi 
muticus 
oppositus 
sexmaculatus 
Dytiscidae 
Acilius 
fraternus 
mediatus 
Agabetes 
acuductus 
Agabus 
aeruginosus 
Johannis 
punctatis 
Andocheilus 
exlQuus 
Bidessonotus 
inconspicuous 
longovalis 
pulicarius 
Brachyvatus 
apicatus seminulum 
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Celina 
angustata 
contiger 
grossula 
imitatrix 
slossoni 

Copelatus 
blatchleyi 


caelatipennis princeps 
chevrolati chevrolati 
chevrolati renovatus 


glyphicus 
punctulatus 
Coptotomus 
interrogatus 
lenticus 
loticus 
venustus 
Cybister 
frimbiolatus 
occidentalis 
Desmopachria 
grana 
leechi 
Falloporus 
pilatei 
Graphoderus 
liberus 
Hydaticus 
bimarginatus 
cinctipennis 
Hydroporus 
aulicus 
blanchardi 
brevicornis 
carolinus 
cimicoides 
clypealis 
deflatus 
dichrous 
dilatatus 
dixiarius 
effeminatus 
falli 
floridanus 
hebes 
hybridus 
lobatus 
niger 
oblitus 
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shermani 
signatus 
Striatopunctatus 
undulatus 
uniformis 
venustus 
vittatipennis 
vittatus 
Hydrovatus 
compressus 
cuspidatus 
epninsularis 
Laccophilus 
gentilis= 
Proximus 
vacaensis 
Liodessus 
affinis 
cantralli 
flavicollis 
fuscatus 
hobbsi 
Lioporius 
pilatei 
Matus 
biarinatus 
leechi 


ovatus blatchleyi 


Neobidessus 
pullus floridanus 
pullus shermani 

Pachydrus 
princeps 

Rhantus 
calidus 

Thermonectus 
basillaris 
ornaticollis 

Uvarus 
falli 
granarius 
inflatus 
lacustris 
rogersi 

Noteridae 

Hydrocanthus 
oblongus 
regius 

Notomicrus 
nanulus 


Pronoterus 
addendus 
Suphis 
inflatus 
Suphisellus 
floridanus 
gibbulus 
parsonsi 
puncticollis 
punctipennis 
Hydrophilidae 
Berosus 
aculeatus 
exiguus 
infuscatus 
Striatus 
peregrinus 
pugnax 
Chaetarthria 
pallida 
Crenitulus 
suturalis 
Cymbiodyta 
blanchardi 
vindicata 
Derallus 
altus 
Dibolocelus 
ovatus 
smargdinus 
Enochrus 
blatchleyi 
cinctus 
consors 
hamiltoni 
ochraceus 


Pygmaeus nebulosus 


sublongus 
perlexus 
reflexipennis 
Helobata 
Striata 
Helochares 
maculicollis 
sallaei 
Helocombus 
bifidus 
Hydrobiomorpha 
casta 
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Hydrobius 
tumidus 
Hydrochara* 
Hydrophilus 
insularis 
triangularis 
Paracymus 
degener 
despectus 
logingi 
nanus 
reductus 
subcupreus 
Sperchopsis 
tessellatus 
Tropisternus 
blatchleyi 
collaris striolatus 
lateralis numbatus 
natator 
quadristriatus 
striolatus 
Helophoridae 
Helophorus 
lineatus 
Hydrochidae 
Hydrochus 
callosus 
equicarinatus 
foveatus 
inequalis 
minimus 
rugosus 
scabratus 
simplex 
subcupreus 
Hydraenidae 
Gymnochthebius 
fossatus 
Hydraena 
marginicollis 
spangleri 
Ochthebius 
attritus 
Dryopidae 
Helichus 
fastigiatus 
lithophilus 
Pelonomus 
obscurus 
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Elmidae 
Anchronyx 
variegatus 
Dubiraphia 
quadrinotata 
Gonielmis 
dietrichi 
Macronychus 
glabratus 
Microcylloepus 
pusillus aptus 
pusillus lodingi 
pusillus perditus 
Stenelmis 
antennalis 
fuscata 
lignicola 
sinuata 
Scirtidae 
Cyphon 
americanus 
cooperi 
nebulosus 
perplexus 
punctatus 
Elodes 
pulchella 
Ora 
hyacintha 
texana 
troberti 
Prionocyphon 
discoideus 
Scirtes 
orbiculatus 
ovalis 
Ptilodactylidae 
Anchytarsus 
bicolor 
Ptilodactyla 
angustata 
carinata 
serricollis 
Limnichidae 
Eulimnichus 
ater 
nitidulus 
subitus 
Limnichoderus 
punctiventris 
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seriatus 
Chrysomelidae 
Agasicles 
hygrophila 
Donacia 
cincticornis 
dissimilis 
edenata 
hypoleuca 
militaris 
piscatrix 
Proxima 
rufescens 
rugosa 
texana 
Curculionidae 
Auleutes 
nebulosus 
Bagous 
americanus 
bituberosus 
‘blatchleyi 
cavifrons 
floridanus 
lunatoides 
lunatus 
maculatus 
magister 
mamillatus 
obliquus 
pictus 
pusillus 
sellatus 
tanneri 
texanus 
transversus 
Brachybamus 
electus 
Lissorhoptrus 
longipennis 
oryzophilius 
simplex 
Listronotus 
anthracinus 
cryptops 
delumbis 
hornii 
humilis 
novellus 
percellus 


3/2) 
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Lixus 
concavus 
fossus 
tenellus 
Neochetina 
bruchi 
eichhorniae 
Notiodes 
(=Endalus) 
cibricollis 
laticollis 
ovalis 
punctatus 
Onychylis 
longulus 
nigrirostris 
Perenthis 
vestitus 
Rhinoncus 
pusillus 
Squamosus 
Stenopelmus 
rufinasus 
Tanysphyrus 
lemnae 
makolskii 


Diptera 


Ceratopogonidae 
Dasyheleinae 
Dasyhelea* 
Forcipomyiinae 
Atrichopogon* 
Forcipomyia* 
Ceratopogoninae 
Alluaudomyia* 
Bezzia* 
Brachypogon* 
Clinohelea* 
Culicoides* 
Jenkinshelea* 
Johannsenomyia* 
Mallochohelea* 
Monohelea* 
Nilobezzia* 
Palpomyia* 
Probezzia* 
Sphaeromias* 
Stilobezzia* 
Leptoconopinae 
Leptoconops* 
Chaoboridae 
Chaoborus 
(=Corethra) 
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punctipennis= 
Corethrella* 
Culicidae 
Aedes 
atlanticus= 
dupreei 
fulvus pallens 
infirmatus= 
mitchellaet 
tortilis 
vexanst 
Anopheles 
albimanus 
crucians= 
punctipennis 
quadrimaculatus= 
walkeri 
Culex 
erraticus= 
nigripalpus= 
opisthopus 
peccator 
pilosus= 
quinquefasciatus= 
restuans 
salinarius= 
territans 
Culiseta 
inornata= 
Mansonia 
dyari 
titillans 
perturbans 
Psorophora 
ciliata 
columbiae= 
ferox 
horrida 
howardi 
Uranotaenia 
lowii= 
sapphirina 
Dixidae 
Dixella* 
Psychodidae 
Pericoma* 
Philosepedon* 
Psychoda* 
Telmatoscopus* 
Ptychopteridae 
Bittacomorpha* 
Ptychoptera 
(=Liriope)* 


Simuliidae 
Cnephia* 
Prosimulium* 
Simulium* 

Tipulidae 
Tupulinae 

Brachypremna* 
Leptotarsus 
(=Longurio)* 
Megistocera* 
Prionocera* 
Tipula* 
Limoniinae 
Erioptera 
(incl. Trimicra)* 
Gonomyia* 
Helius* 
Hexatoma 
(incl. Eriocera)* 
Limnophila* 
Limonia 
(incl. Geranomyia)* 
Molophilus* 
Orimarga* 
Ormosia* 
Paradelphomyia* 
Pedicia* 
Pilaria* 
Polymera* 
Pseudolimnophila* 
Ulomorpha* 

Athericidae 
Atherix* 

Dolichopodidae 
Argyra* 
Campsicnemus* 
Dolichopus* 
Hydrophorus* 
Pelastoneurus* 
Tachytrechus* 
Thinophilus* 

Empididae 
Chelipoda* 
Hemerodromia* 
Rhamphomyia* 
Roederiodes* 
Stilpon* 

Stratiomyidae 
Hedriodiscus* 
Labostigmina* 
Nemotelus* 
Odontomyia 
(=Eulalia)* 


2 


Pteromicra* 
Sepedon* 


cornuticaudata 
pilicaudata 
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TABLE 1. Continued. 
Oxycera Syrphidae Hudsonimyia* 
(=Hermione)* Chrysogaster* Krenopelopia 
Stratiomys Eristalis* hudsoni 
(=Stratiomyia)* Helophilus* Labrundiniat 
Tabanidae Chironomidae beckiz 
Chrysops* Tanypodinae Johannseni+ 
Tabanus* Ablabesmyiay neopilosellat 
Ephydridae annulata pilosellat 
Discomyzinae aspera virescens 
Cressonomyia* cinctipes Larsia 
Discomyza* hauberix berneri 
Leptopsilopa* janta decolorata 
Psilopa* mallochi= indistincta 
Rhysophora* parajantat luridat 
Ephydrinae peleensist Meropelopia 
Brachydeutera* philosphagnos flavifrons 
Ephydra* ramphet Monopelopia 
Paracoenia* Apsectrotanypus boliekae+ 
Parydra* jJohnsoni tenuicalcar 
Setacera* Bethbilbeckia tillandsia 
Scatella* floridensis Natarsia* 
Scatophila* Cantopelopia Nilotanypus 
Gymnomyzinae gesta americanus 
Athyroglossa* Clinotanypus fimbriatus 
Discocerina* aureus Paramerina 
Ditrichophora* pinguis anomala 
Gastrops* planus testa 
Hydrochasma* wirthi Pentaneura 
Mosillus* Coelotanypus inconspicua 
Ochthera* concinnus Procladius 
Polytrichophora* scapularis’ bellust 
Pseudohecamede* tricolor curtus 
Hydrellinae Conchapelopia freemani 
Hydrellia* currani sublettei 
Lemnaphila* fasciata Psectrotanypus 
Notiphila* pallens dyari 
Paralimna* rurika Rheopelopia* 
Ptilomyia* Denopelopia Tanypus 
Typopsilopa* atria carinatust 
Ilytheinae Djalmabatista clavatus 
Axysta* pulcher neopunctipennis 
Lytogaster* Fittkauimyia punctipennis 
Nostima* sertat stellatus 
Philygria* Guttipelopia telus 
Zeros* guttipennis Zavrelimyia 
Sciomyzidae Hayesomyia sinuosa complex 
Atrichomelina* senata Diamesinae 
Dictya* Helopelopia Potthastia 
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TABLE 1. Continued. 


Prodiamesinae 
Odontomesa 


fulva 


Orthocladiinae 


Antillocladius* 
Brillia 
flavifrons 
Camptocladius 
stercorarius 
Cardiocladius 
obscurus 
Corynoneura 
scutellata 
taris 
Cricotopus 
bicinctus= 
politus 
remus 
sylvestrist 
triannulatus 
trifascia 
trifasciatus 
varipes 
vierriensts 
Epoicocladius 
flavens 
Eukiefferiellat 
claripennis group 
devonica group 
marcidus group 
Georhocladius 


Gymnometriocnemus 


Heterotrissocladius 
Hydrobaenus 
pilipes 
Krenosmittia* 
Limnophyes 
fumosus 
minimus 
natalensis 
Lopescladius* 
Mesosmittia 
patrihortae 
Metriocnemus* 
knabi 
Nanocladius 
alternantherae 
balticus 
crassicornus= 
distinctus= 
minimus 
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rectinervis= 
spiniplenus= 
Orthocladius 
annectens 
lignicola 
Parachaetocladius 
abnobaeus 
Parakiefferiellat 
Parametriocnemus 
lundbecki 
Psectrocladius 
elatus 
simulans 
vernalis 
Pseudorthocladius 
macrostomus 
uniserratus 
Pseudosmittia 
digitata 
forcipata 
Rheocricotopus 
robacki 
tuberculatus 
Smittia 
aterrima 
lasiops 
Synorthocladius 
semivirens 
Thienemanniella 
fuscaz 
xena 
Thienemannimyia* 
Tvetenia 


discoloripes group 


Unniella 
multivirga 

Xylotopus 
par 

Zalutschiat 
briani 


Chironominae 


Chironomini 

Apedilum 
elachistus 
subcinctum 

Asheum 
beckae 

Axarus 
dorneri 
rogersi 
taenionotus 
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Beardius 
breviculus 
truncatus 

Chernovskiia* 

Chironomus 
attenuatus= 
crassicaudatus= 
decorus group 
ochreatus 
plumosus 
pungens 
riparius 
Stigmaterus= 
tuxis 

Cladopelma 
amachaerus 
boydi 
collator 
edwardsi 
fulvus 
galeator 
virudula 

Cryptochironomus 
blarina 
digitatus 
fulvus= 
parafulvus 
ponderosus 
Scimitarus 
sorex 
styliferus 

Cryptotendipes 
casuarius 
emorsus 

Demijerea 
atrimana 

Dicrotendipest 

fumidus 
leucoscelis 
lobus= 

lucifer 
modestus= 
neomodestus= 
nervosus= 
simpsoni 
thanatogratus 
tritomus 

Einfeldia 
austini 
brunneipennis 
natchitocheae+ 
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TABLE |. Continued. 


Endochironomus 
nigricans+ 
subtendens 

Endotribelos 
hesperium 

Glyptotendipes* 
amplus 
meridionalis 
paripes 
seminole 
testaceus 

Goeldichironomus 
amazonicust 
carus¢ 
devineyae 

fluctuans 
holoprasimus* 
natans<t 

pictus 

Harnischia 
curtilamellata 

Hyporhygma 
quadripunctatum 

Kiefferulus+ 
duxt 

Lauterborniella 
agrayloides 

Microchironomus 
nigrovittatus 

Microtendipes 
cauducus 
pedellus 

Nilothauma*+ 
babiyi 
bicorne® 
mirabile 

Omisus 
pica 

Parachironomus* 
alatus 
carinatus+ 
chaetoalus 
directus 

frequens 
hirtalatust 
monochromus 
pectinatellaet 
potamogeti 
schneideri 
sublettei 
tenuicaudatus 


FLORIDA SCIENTIST 


APPENDIX 


Paracladopelma 
doris 
loganae 
nereis 
undine 
Paralauterborniella 
nigrohalterale 
Paratendipes 
albimanus 
basidens 
subaequalis 
Pedionomus 
beckaet 
Phaenopsectra 
dyari 
flavipes 
fusicornist 
obediens 
Polypedilumt+ 
albicorne 
acifer 
angustum 
aviceps 
braseniae 
convictum 
digitifer 
fallax 
floridense 
gomphus 
griseopunctatum 
halteralet 
illinoenset 
laetum 
obtusum 
parascalaenum 
parvum 
pterospilus 
scalaenum 
simulans 
trigonust 
tritumt 
vibex 
Robackia 
claviger 
demeijerei 
Saetheria 
tylus 
Stelechomyia 
perpulchra 
Stenochironomus 
aestivalis 
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browni 
cinctus 
hilaris 
macateei 
poecilopterus 
unictus 
Stictochironomus 
caffarius group sp. 
devinctus 
palliatus 
Tribelos 
atrum 
fusicorne 
jJucundumt 
Xenochironomus 
xenolabis 
Xestochironomus 
subletti 
Zavreliella 
marmoratat 
varipennis 
Pseudochironomini 
Pseudochironomus 
fulviventrist 
middlekaufi 
richardsonit 
Tanytarsini 
Cladotanytarsus 
aeparthenus 
viridiventris 
Constempellina* 
Micropsectra 
xantha 
Nimbocera 
limneticat 
Paratanytarsus 
dubius 
Rheotanytarsus 
distinctissimus group 
exiguus group 
Stempellina* 
Tanytarsus 
buckleyi 
confusus 
dendyi 
glaberscens groupt 
guerlus 
mendax 
neoflavellus 
quadratus 


recens 
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APPENDIX 


TABLE 2. Taxonomic resolution required for functional categorization of North American 
genera of selected groups of aquatic insects known or predicted to occur in the Kissimmee 
River-floodplain ecosystem. (Data from Merritt and Cummins 1996a, unpublished data, and 
citations given in the Literature Cited.) 


Functional group categories 


Taxonomic Life history 
level Taxa Feeding groups Habit groups groups 
Order Odonata 
Suborders Anisoptera Predators (all Bivoltine (most 
genera) genera) 
Families Corduliidae Sprawlers (all 
Genera Helocordulia species) 
Neurocordulia 
Libelluidae Sprawlers (all 
Perithemis species) 
Erythemis 
Celithemus 
Erythrodiplax 
Pachydiplax 
Miathyria 
Sympetrum 
Aeschnidae Climbers (all 
Aeschna species) 
Nasiaeschna 
Zygoptera Predators (all Univoltine (most 
genera) genera) 
Coenagrionidae Climbers 
Nehalennia 
Lestidae Climbers 
Lestes 
Order Ephemeroptera 
Families Siphlonuridae Gathering collec- Swimmers (all Univoltine (all 
Genera Siphlonurus tors (all spe- species) species) 
Metretopodidae cles) 
Siphloplecton 
Baetidae Gathering collec- Swimmers (all Multivoltine 
Baetis tors (all spe- species) (continuous 
Callibaetis cies) emergence 
with overlap- 
ping genera- 
tions—all spe- 
cies) 
Oligoneuriidae Filtering collec- Burrowers Univoltine 
Homoeoneuria tors 
Isonychiidae Filtering collec- Swimmers Multivoltine 
Tsonychia tors 
Heptageniidae Predators Swimmers Univoltine 


Anepeorus 
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TABLE 2. Continued. 


Taxonomic 
level 


Order 
Families 
Genera 


Taxa 


Heptageniidae 
Heptagenia 

Heptageniidae 
Pseudiron 
Stenacron 
Stenonema 


Ephemerellidae 
Attenella 
Timpanoga 

Ephemerellidae 
Ephemerella 
Eurylophella 
Serratella 


Caenidae 
Brachycercus 
Caenis 

Leptophlebiidae 
Choroterpes 

Leptophlebiidae 
Habrophlebia 

Leptophlebiidae 
Habrophlebiodes 
Leptophlebia 

Leptophlebiidae 
Paraleptophlebia 

Baetiscidae 
Baetisca 

Behningiidae 
Dolania 

Polymitarcyidae 
Ephoron 

Palingeniidae 
Pentagenia 

Ephemeridae 
Hexagenia 
Ephemera 
Litobrancha 

Trichoptera 

Hydropsychidae 
Cheumatopsyche 
Hydropsyche 
Macronema 
Diplectrona 
Parapsyche 
Symphitopsyche 
Potamyia 
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Functional group categories 


Feeding groups 


Scrapers 


Scrapers (all spe- 
cies) 


Scrapers (all spe- 
cies) 


Gathering collec- 
tors (all spe- 
cies) 


Gathering collec- 
tors (all spe- 
cies) 

Gathering collec- 
tors 


Gathering collec- 
tors 

Gathering collec- 
tors (all spe- 
cies) 

Shredders 


Gathering collec- 
tors 


Predators 


Gathering collec- 
tors 


Gathering collec- 
tors 

Gathering collec- 
tors (all spe- 
cies) 


Filtering collec- 
tors (all spe- 
cies) 


Habit groups 
Clingers 
Clingers (all spe- 


cies) 


Clingers (all spe- 
cies) 

Clingers (all spe- 
cies) 

Sprawlers (all 
species) 

Swimmers 


Clingers 


Swimmers (all 
species) 


Swimmers 
Sprawlers 

Burrowers 
Burrowers 
Burrowers 


Burrowers (all 
species) 


Clingers (all spe- 


cies) 


Life history 
groups 


Univoltine 
Univoltine (all 
species) 
Univoltine (all 
species) 
Univoltine (all 
species) 
Multivoltine (all 
species) 
Univoltine 


Univoltine 


Univoltine (all 
species) 


Multivoltine 
Univoltine 
Univoltine 
Univoltine 
Univoltine 


Univoltine (all 
species) 


Univoltine (4 out 
of 6 genera) 
Bivoltine (2 out 
of 6 genera) 
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TABLE 2. Continued. 


Taxonomic 
level 


Taxa 


Polycentropodidae 
Neureclipsis 


Phylocentropus 


Nyctiophylax ~ 
Polycentropus 
Cernotina 
Psychomyiidae 
Cyrnellus 
Lype 
Philopotamidae 
Chimarra 
Dolophilodes 
Wormaldia 
Rhyacophilidae 
Rhyacophila 
Hydroptilidae 
Hydroptila 
Orthotrichia 


Oxyethira 
Ochrotrichia 


Mayatrichia 
Neotrichia 
Leucotrichia 


Palaeagapetus 


Helicopsychidae 
Helicopsyche 

Phryganeidae 
Phyganea 
Bankiola 
Ptilostomis 
Agrypnia 

Brachycentridae 
Brachycentrus 


Micrasema 


Leptoceridae 
Ceraclea 
Mystacides 
Setodes 
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Functional group categories 


Feeding groups 
Filtering collec- 
tors 


Filtering collec- 
tors 


Predators (all 
species) 


Gathering collec- 
tors 


Scrapers 


Filtering collec- 
tors (all spe- 
cies) 


Predators 


Plant piercers 
(all species) 


Plant piercers 
(all species) 
Gathering collec- 

tors 


Scrapers (all spe- 
cies) 


Shredders— 
CPOM 


Scrapers 


Predators (all 
species) 


Filtering collec- 
tors 


Shredders—mac- 
rophytes 

Gathering collec- 
tors (all spe- 
cies) 


Habit groups 
Clingers 


Burrowers 


Clingers (all spe- 
cies) 


Clingers 

Clingers 

Clingers (all spe- 
cies) 


Clingers 


Clingers (all spe- 
cies) 


Climbers (all 
species) 


Clingers 


Clingers (all spe- 
cies) 


Sprawlers 
Clingers 


Climbers (all 
species) 


Clingers 
Clingers 


Sprawlers (all 
species) 


Life history 
groups 


Bivoltine 


Univoltine 


Univoltine (all 
species) 


Univoltine 


Univoltine 


Bivoltine (all 
species) 


Univoltine 


Voltinism (un- 
known) 


Voltinism (un- 
known) 


Voltinism (un- 
known) 


Voltinism (un- 
known) 

Voltinism (un- 
known) 


Univoltine 


Univoltine (all 
species) 


Univoltine 
Univoltine 


Univoltine (all 
species) 
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TABLE 2. Continued. 


Taxonomic 
level Taxa 


Nectopsyche 
Triaenodes 


Oecetis 
Lepidostomatidae 
Lepidostoma 
Limnephilidae 
Pycnopsyche 
Hydatophylax 
Brachycentridae 
Brachycentrus 
Molannidae 
Molanna 
Sericostomatidae 
Agarodes 
Beraeidae 
Beraea 
Calamoceratidae 
Anisocentropus 
Heteroplectron 
Glossosomatidae 
Glossosoma 


Order 


Families 
Genera 


Lepidoptera 

Pyralidae 
Undulambia 
Chrysendeton 
Langessa 
Munroessa 
Parapoynx 
Synclita 
Neargyractus 
Schoenobius 


Pyralidae 
Petrophila 

Cosmopterigidae 
Cosmopteryx 

Noctuidae 
Archanara 
Bellura 


Noctuidae 
Simyra 
Order 


Families 


Hemiptera 
Gerridae 


Genera Gerris 
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Functional group categories 


Feeding groups 


Shredders—mac- 


rophytes (all 
species) 
Predators 
Shredders— 
CPOM 
Shredders— 
CPOM (all 
species) 
Filtering collec- 
tors 


Gathering collec- 


tors 


Shredders— 
CPOM 


Gathering collec- 


tors 


Shredders— 
CPOM (all 
species) 

Scrapers 


Shredders—vasc 
plants (all spe- 


cies) 


Scrapers 


Shredders—vasc 


plants 
Shredders 


plants (all spe- 


cies) 


Shredders—vasc 


plants 


Predators 


Vasc 


Habit groups 


Swimmers— 
climbers (all 
species) 

Sprawlers 

Sprawlers 


Sprawlers (all 
species) 


Clingers 

Sprawlers 
Sprawlers 
Sprawlers 


Sprawlers (all 
species) 


Clingers 


Climbers (all 
species) 


Clingers 

Burrowers (all 
genera) 

Burrowers (all 


species) 


Climbers 


Skaters 


Life history 
groups 
Univoltine (all 


species) 


Univoltine 
Univoltine 


Univoltine (all 
species) 


Univoltine 
Univoltine 
Univoltine 
Voltinism (un- 
known) 
Bivoltine (all 


species) 


Multivoltine 


Univoltine (all 
species) 


Univoltine (all 
genera) 


Univoltine (all 
genera) 

Bivoltine (all 
species) 


Univoltine 


Trivoltine 
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TABLE 2. Continued. 


Taxonomic 


level Taxa 


Limnogonus 
Metrobates 
Trepobates 
Neogerris 
Rheumatobates 
Veliidae 
Microvelia 
Rhagovelia 
Paravelia 
Velia 
Husseyella 
Mesoveliidae 
Mesovelia 
Nepidae 
Ranatra 
Belostomatidae 
Lethocerus 
Belostoma 
Abedus 


Notonectidae 
Notonecta 
Buenoa 

Pleidae 
Neoplea 


Ochteridae 
Ochterus 

Saldidae 
Saldoida 
Pentacora 
Saldula 
Micracanthia 


Corixidae 
Hesperocorixa 
Sigara 
Palmacorixa 
Trichocorixa 

Hydrometridae 
Hydrometra 

Hebridae 
Merragata 
Hebrus 


Gelastocoridae 
Gelastocoris 
Nerthra 
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Functional group categories 


Feeding groups 


Predators (all 
species) 


Predators (all 
species) 


Predators (all 
species) 


Predators (all 
species) 


Scrapers—gather- 
ing collectors 
(all species) 


Predators 
Predators 
Predators 


Predators (all 
species) 


Habit groups 


Skaters (all spe- 
cies) 


Climbers—swim- 
mers (all spe- 
cies) 


Swimmers— 
climbers (all 
species) 


Climbers (all 
species) 


Swimmers— 
climbers (all 
species) 


Skaters 


Skaters—climb- 
ers 

Climbers—bur- 
rowers 

Sprawlers—bur- 
rowers (all 
species) 


Life history 
groups 


Univoltine (all 
species) 


Multivoltine (all 
species) 


Univoltine (all 
species) 


Univoltine (all 
species) 


Univoltine (all 
species) 


Multivoltine 
Univoltine 
Univoltine 


Univoltine (all 
species) 
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TABLE 2. Continued. 


Taxonomic 
level 
Order 


Families 
Genera 


Taxa 


Coleoptera 

Gyrinidae 
Dineutus 
Gyrinus 


Haliplidae 
Haliplus 
Peltodytes 


Dytiscidae 
Laccophilus 
Celina 
Bidessonotus 
Hydrovatus 
Liodessus 
Uvarus 
Pachydrus 
Hydroporus 
Agabus 
Matus 
Copelatus 
Agabetes 
Rhantus 
Coptotomus 
Hydaticus 
Acilius 
Thermonectus 
Graphoderus 
Cybister 
Lioporius 
Desmopachria 
Andocheilus 
Brachyvatus 
Neobidessus 
Falloporus 

Noteridae 
Hydrocanthus 
Pronoterus 
Suphis 
Suphisellus 

Hydrophilidae 


Berosus 
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Functional group categories 


Feeding groups 


Predators (larvae 
and adults, all 
species) 


Piercers—shred- 


ders—vasc 
plants (all spe- 
cies) 


Predators (larvae 
and adults, all 
species) 


Predators (larvae 
and adults, all 
species) 


Predators (larvae, 


all species) 


Habit groups 


Climbers (larvae, 


all species) 
Swimmers—sur- 

face (adults, 

all species) 


Climbers (larvae, 


(all species) 
Swimmers— 

climbers (all 

species) 


Life history 
groups 


Univoltine (all 


species) 


Bivoltine (all 
species) 


Climbers—swim- Univoltine (most 


mers (larvae, 
all species) 
Swimmers—di- 
vers (adults, 
all species) 


Burrowers (lar- 


vae and adults, 


all species) 


Climbers (larvae, 


all species) 


species) 
Bivoltine (a few 
species) 


Univoltine (all 
species) 


Bivoltine (all 
species) 
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TABLE 2. Continued. 


Taxonomic 
level 


Taxa 


Derallus 
Diblocelus 
Aydrophilus 
Tropisternus 
Crenitulus 
Cybmiodyta 
Enochrus 
Helobata 
Helochares 
Helocombus 
Paracymus 


Chaetarthria 


Sperchopsis 


Hydrobius 


Helophoridae 
Helophorus 


Hydrochidae 
Hydrochus 


Hydraenidae 
Gymnochthebius 
Hydraena 
Ochthebius 


Dryopidae 
Helichus 


Pelonomus 


Elmidae 
Ancyronx 
Dubiraphia 
Macronychus 
Gonielmis 
Microcylloepus 
Stenelmis 
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Functional group categories 


Feeding groups 


Gathering collec- 
tors (adults, all 
species) 


Predators (larvae, 
all species) 
Gathering collec- 
tors (adults, all 

species) 


Predators (larvae) 
Gathering collec- 
tors (adults) 


Predators (larvae) 
Shredders—vasc 
plants (adults) 


Predators (larvae) 
Shredders—vasc 
plants (adults) 


Predators (larvae, 
all species) 
Shredders—vasc 
plants (adults) 


Predators (larvae, 
all species) 
Shredders—vasc 
plants (adults) 


Predators (larvae, 
all species) 

Scrapers—gather- 
ing collectors 
(adults, all 
species) 

Gathering collec- 
tors (adults) 


Gathering collec- 
tors (adults) 
Gathering collec- 
tors (larvae 

and adults, all 
species) 
Gathering collec- 
tors (larvae 
and adults, all 
species) 


Habit groups 


Swimmers—di- 
vers—climbers 
(adults, all 
species) 

Climbers (larvae, 
all species) 

Burrowers 
(adults, all 
species) 


Climbers (adults 
and larvae) 


Climbers (larvae) 
Clingers (adults) 


Climbers (larvae) 


Climbers (adults 
and larvae, all 
species) 


Climbers (adults 
and larvae, all 
species) 


Clingers (larvae 
and adults, all 
species) 


Clingers (adults) 
Climbers (adults) 


Clingers (larvae 
and adults, all 
species) 


Clingers (larvae 
and adults, all 
species) 


Life history 
groups 


Bivoltine (all 
species) 


Univoltine 


Univoltine 


Univoltine 


Univoltine (all 
species) 


Univoltine (all 
species) 


Voltinism (un- 
known) 


Voltinism (un- 
known) 

Voltinism (un- 
known) 

Univoltine (all 
species) 


Multivoltine (all 
species) 
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TABLE 2. Continued. 


Taxonomic 


level Taxa 


Scirtidae 
Cyphon 
Elodes 
Ora 
Prionocyphon 
Scirtes 


Ptilodactylidae 
Ptilodactyla 


Limnichidae 
Eulimnichus 
Limnichoderus 


Chrysomelidae 
Agasicles 
Plateumaris 
Donacia 

Curculionidae 
Auleutes 
Bagous 
Brachybamus 
Lissorhoptrus 
Listronotus 
Lixus 
Neochetina 
Notiodes 
Onychylis 
Perenthis 
Rhinoncus 
Stenopelmus 
Tanysphyrus 


Order 


Families 
Genera 


Diptera 


Ceratopogonidae 

Dasyheleinae 
Dasyhelea 

Forcipomyiinae 
Atrichopogon 
Forcipomyia 

Ceratopogoninae 
Alluaudomyia 
Bezzia 
Brachypogon 
Clinohelea 
Culicoides 
Jenkinshelea 
Johannsenomyia 
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Functional group categories 


Feeding groups Habit groups 


Gathering collec- Climbers— 
tors (larvae, all sprawlers (lar- 


species) vae, all spe- 
cies) 
Shredders— Clingers (larvae) 
CPOM é(lar- 
vae) 


Gathering collec- Clingers (larvae, 
tors (larvae, all all species) 
species) 

Shredders—vasc Clingers (larvae, 
plants (adults all species) 
and larvae, all Sprawlers (all 
species) species) 


Gathering collec- Sprawlers (all 


tors (all spe- species) 
cies) 
Scrapers Sprawlers 


Burrowers (all 
species) 


Predators (all 
species) 


Life history 
groups 
Univoltine (all 
species) 


Multivoltine 


Univoltine 


Univoltine (most 
species) 

Multivoltine or 
bivoltine (a 
few species) 


Multivoltine (all 
species) 


Multivoltine 


Multivoltine (all 
species) 
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TABLE 2. Continued. 


Taxonomic 
level 


Taxa 


Mallochohelea 
Monohelea 
Nilobezzia 
Palpomyia 
Probezzia 
Serromyia 
Sphaeromias 
Stilobezzia 
Leptoconopinae 
Leptoconops 


Chaoboridae 
Chaoborus 


Corethrella 


Culicidae 
Aedes 
Anopheles 
Culex 
Culiseta 
Uranotaenia 


Mansonia 
Psorophora 


Dixidae 
Dixella 
Psychodidae 
Pericoma 
Philosepedon 
Psychoda 
Telmatoscopus 


Ptychopteridae 
Bittacomorpha 
Ptychoptera 

Simuliidae 
Cnephia 
Simulium 

Tipulidae 

Tipulinae 
Brachypremna 
Leptotarsus 
Prionocera 


Megistocera 
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Functional group categories 


Feeding groups 


Predators 


Predators 


Filtering collec- 
tors (all spe- 
cies) 


Gathering collec- 
tors 


Predators 


Gathering collec- 
tors 


Gathering collec- 
tors (all spe- 
cies) 


Gathering collec- 
tors (all spe- 
cies) 

Filtering collec- 
tors (all spe- 
cies) 

Gathering collec- 
tors (all spe- 
cies) 


Shredders—vasc 
plants 


Habit groups 


Sprawlers (day), 
plantonic 
(night) 

Sprawlers 

Swimmers— 
planktonic (all 
species) 


Clingers 


Swimmers— 
planktonic 

Swimmers— 
climbers 

Burrowers (all 
species) 


Burrowers (all 
species) 


Clingers (all spe- 
cies) 


Burrowers (all 
species) 


Burrowers (in 
floating vege- 
tation) 


Life history 
groups 


Univoltine 


Univoltine 


Multivoltine (all 
species) 


Multivoltine 
Multivoltine 
Multivoltine 


Multivoltine (all 
species) 


Univoltine (all 
species) 


Multivoltine (all 
species) 


Univoltine (all 
species) 


Univoltine 
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TABLE 2. Continued. 


Taxonomic 


level Taxa 


Tipula 


Limoniinae 
Erioptera 
Ormosia 
Gonomyia 
Helius 
Hexatoma 
Limnophila 
Pedicia 
Molophilus 


Paradelphomyia 


Pilaria 
Polymera 


Pseudolimnophila 


Ulomorpha 
Limonia 
Orimarga 


Athericidae 
Atherix 


Dolichopodidae 
Argyra 
Dolichopus 
Hydrophorus 
Pelastoneurus 
Tachytrechus 
Thinophilus 


Campsicnemus 


Empididae 
Chelipoda 
Hemerodromia 
Rhamphomyia 
Roederiodes 
Stilpon 


Stratiomyidae 
Labostigmina 
Odontomyia 
Stratiomys 
Oxycera 
Hedriodiscus 
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Functional group categories 


Feeding groups Habit groups 


Shredders— 
CPOM 


Gathering collec- Burrowers (all 


Burrowers (in 
coarse litter) 


tors (all spe- species) 
cies) 

Predators (all Burrowers (all 
species) species) 


Shredders—vase Burrowers (all 


plants (all spe- species) 
cies) 
Predators Sprawlers 


Predators (all 
species) rowers (all 


species) 


Gathering collec- Sprawlers—bur- 


tors rowers 


Predators (all 
species) rowers (all 


species) 


Predators (all 
species) tors (all spe- 


cies) 


Gathering collec- Sprawlers—bur- 


tors (all spe- rowers (all 


cies) species) 


Scrapers (all spe- Sprawlers—bur- 


cies) rowers (all 


species) 


Sprawlers—bur- 


Sprawlers—bur- 


Clingers—preda- 


Life history 
groups 


Univoltine 


Univoltine (all 
species) 


Univoltine (all 
species) 


Univoltine (all 
species) 


Univoltine 


Univoltine (all 
species) 


Univoltine 
Univoltine (all 
species) 
Univoltine (all 
species) 
Univoltine (all 


species) 


Univoltine (all 
species) 
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TABLE 2. Continued. 


Functional group categories 


CPOM 


Taxonomic Life history 
level Taxa Feeding groups Habit groups groups 
Nemotelus Gathering collec- Swimmers— Univoltine 
tors sprawlers 
Tabanidae Predators (all Sprawlers—bur- Miultivoltine 
Chrysops species) rowers (all (most species) 
Tabanus species) Univoltine (some 
species) 
Ephydridae Gathering collec Burrowers (all Multivoltine (all 

Discomyzinae tors (all spe- species) species) 

Cressonomyia cies) 

Leptopsilopa 

Psilopa 

Rhysophora 

Discomyza Parasites (mol- Burrowers Multivoltine 
lusca) 

Ephydrinae Gathering collec- Sprawlers—bur- Miultivoltine (all 
Brachydeutera tors (all spe- rowers (all species) 
Scatella cies) species) 

Ephydra Shredders—vasc Sprawlers—bur- Multivoltine (all 
Setacera Plants (all spe- — rowers (all species) 

cies) species) 
Parydra Scrapers Burrowers Multivoltine 
Scatella Scrapers Sprawlers Multivoltine 

Gymnomyzinae Gathering collec- Burrowers (all Multivoltine (all 
Athyroglossa tors (all spe- species) species) 
Discocerina cies) 

Ditrichophora 
Hydrochasma 
Mosillus 
Polytrichophora 
Pseudohecamede 

Hydrellinae Shredders—vase Burrowers (all Multivoltine (all 
Hydrellia Plants (all spe- species) species) 
Lemnaphila cies) 

Notiphila Gathering collec- Burrowers Multivoltine 
tors 

Paralimna Gathering collec- Sprawlers Multivoltine (all 

Ptilomyia tors (all spe- species) 

Typopsilopa cies) 

Ilytheinae Scrapers (all spe- Sprawlers (all Multivoltine (all 
Axysta cies) species) species) 
Lytogaster 
Ilythea Gathering collec- Sprawlers (all Multivoltine (all 
Nostima tors (all spe- species) species) 
Zeros cies) 

Philygria Shredders— Sprawlers Multivoltine 


Di. 


TABLE 2. Continued. 


Taxonomic 


level Taxa 


Sciomyzidae 
Atrichomelina 
Dictya 
Pteromicra 
Sepedon 

Syrphidae 
Chrysogaster 
Eristalinus 
Eristalis 
Helophilus 


Chironomidae 
Tanypodinae 

Ablabesmyia 
Bethbilbeckia 
Cantopelopia 
Conchapelopia 
Denopelopia 
Djalmabatista 
Fittkauimyia 
Guttipelopia 
Hayesomyia 
Helopelopia 
Hudsonimyia 
Krenopelopia 
Labrundinia 
Larsia 
Meropelopia 
Monopelopia 
Natarsia 
Nilotanypus 
Paramerina 
Psectrotanypus 
Rheopelopia 
Zavrelia 
Apsectrotanypus 
Clinotanypus 
Coelotanypus 
Pentaneura 
Procladius 
Tanypus 


Diamesinae 
Potthastia 

Prodiamesinae 
Odontomesa 
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Functional group categories 


Feeding groups Habit groups 


Predators (para- 
sites in snails) 
(all species) 


Burrowers (all 
species) 


Burrowers (all 
species) 


Gathering collec- 
tors (all spe- 
cies) 


Predators (all 
species) 


Sprawlers (all 
species) 


Predators (all Burrowers (all 


species) species) 

Predators and 
Gathering col- 
lectors (all 


Sprawlers (all 


species) 


species) 
Gathering collec- Sprawlers 
tors 
Gathering collec- Sprawlers 


tors 


Life history 
groups 


Multivoltine (all 
species) 


Multivoltine (all 
species) 


Univoltine (all 
species) 


Univoltine (all 
species) 


Univoltine (all 
species) 
Univoltine 


Univoltine 
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TABLE 2. Continued. 


Taxonomic 
level 


Taxa 


Orthocladiinae 


Antillocladius 


APPENDIX 


Functional group categories 


Life history 


Feeding groups Habit groups groups 


Gathering collec- Univoltine (all 
tors (all spell species) 


Camptocladius 


species) 


Corynoneura 
Epoicocladius 
Eukiefferiella 
Georthocladius 
Gymnometriocne- 
mus 
Heterotrissocladius 
Krenosmittia 
Limnophyes 
Lopescladius 
Mesosmittia 
Nanocladius 
Parachaetocladius 
Parakiefferiella 
Parametriocnemus 
Psectrocladius 
Pseudorthocladius 
Pseudosmittia 
Rheocricotopus 
Synorthocladius 
Thienemanniella 
Tvetenia 
Unniella 
Zalutschia 
Brillia 
Cricotopus 
Xylotopus 


Shredders— 
CPOM (all 
species) 


Burrowers (all 
species) 


Hydrobaenus Scrapers 


Predators 


Sprawlers 


Burrowers— 
clingers 


Cardiocladius 


Smittia 
Metriocnemus 


Gathering collec- Burrowers (all 
tors (all spe- species) 
cies) 

Chironominae Gathering collec- Burrowers (all 
Chironomini tors (all spe- species) 
Asheum cies) 

Beardius 
Chernovskiia 
Chrionomus 
Cladopelma 
Demijerea 
Dicrotendipes 


Univoltine (all 
species) 


Univoltine 


Univoltine 


Univoltine (all 
species) 


Multivoltine (all 
species) 
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TABLE 2. Continued. 


Taxonomic 
level 


Taxa 


Ejinfeldia 
Endotribelos 
Goeldichironomus 
Kiefferulus 
Microchironomus 
Nilothauma 
Omisus 
Paratendipes 
Robackia 
Saetheria 
Stelechomyia 
Stenochironomus 
Tribelos 
Xestochironomus 


Apedilum 

Microtendipes 

Paralauterbor- 
niella 


Axarus 
Cryptotendipes 
Paracladopelma 


Endochironomus 
Glyptotendipes 
Hyporhygma 
Harnischia 
Lauterborniella 


Cryptochironomus 
Parachironomus 


Pseudochironomini 
Pseudochironomus 


Tanytarsini 
Cladotanytarsus 
Constempellina 
Nimbocera 
Paratanytarsus 
Rheotanytarsus 
Stempellinella 
Tanytarsus 
Micropsectra 
Stempellina 
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Functional group categories 


Feeding groups 


Gathering collec- 
tors (all spe- 
cies) 


Gathering collec- 
tors (all spe- 
cies) 

Shredders— 
CPOM (all 
species) 

Gathering collec- 
tors (all spe- 
cles) 

Predators (all 
species) 

Gathering collec- 
tors 


Filtering collec- 
tors (all spe- 
cies) 


Gathering collec- 
tors (all spe- 


cies) 


Habit groups 


Clingers (all spe- 
cies) 


Sprawlers (all 
species) 


Burrowers— 
clingers (all 
species) 

Climbers (all 
species) 


Sprawlers (all 
species) 


Burrowers 


Clingers (all spe- 
cies) 


Climbers (all 


species) 


Life history 
groups 


Multivoltine (all 
species) 


Multivoltine (all 
species) 


Multivoltine (all 
species) 


Multivoltine (all 
species) 


Multivoltine (all 
species) 


Univoltine 


Multivoltine (all 
species) 


Multivoltine (all 
species) 


HEPATO-SOMATIC INDICES AND LIFESTYLES IN SOME 


BATOID ELASMOBRANCHS.—R. L. Sherman and D. S. Gilliam, Nova 
Southeastern University Oceanographic Center, 8000 North Ocean Drive, Dania, 
Florida, 33004 


ABSTRACT: Elasmobranchs use a variety of adaptations to enhance buoyancy including 
reduced tissue density and large, lipid rich livers. We examined the hypothesis that free swim- 
ming rays (Aetobatus narinari, Rhinoptera bonasus) show larger hepato-somatic indices and 
lower body density than demersal species (Urolophus jamaicensis, Dasyatis americana, Himan- 
tura schmardae, Rhinobatus lentiginosus). Hepato-somatic indices were: U. jamaicensis (n = 
16) 3.40 + 0.31 (Mean + SE); D. americana (18) 2.57 + 0.31; H. schmardae (2) 4.03 + 0.08; 
R. lentiginosus (J) /./8; A. narinari (/) 4.18; R. bonasus (8) 5.31 + 0.26. Hepato-somatic 
indices for R. bonasus were significantly higher than U. jamaicensis or D. americana (P < 
0.001). Water weight/air weight ratios for eviscerated animals were higher for U. jamaicensis 
(3.50 + 0.21) than R. bonasus (1.45 + 0.60) (P < 0.05). However, comparison of U. jamai- 
censis and R. bonasus indicate that their whole body water/air weight ratios are similar (U. 
jamaicensis 3.16 + 0.25; R. bonasus 3.63 + 0.60) (P > 0.05). Why higher hepato-somatic 
indices and lower body densities were not correlated with a lower total body density in R. 
bonasus than U. jamaicensis is not clear. However, our results do support the conclusion of 
others that body density is correlated with lifestyle in many elasmobranchs. 


Most teleosts use a swim bladder as a hydrostatic organ. The swim 
bladder permits the fish to maintain proper buoyancy and to remain stable 
in the water column. The size or even the existence of a swim bladder in 
teleosts can often be correlated with lifestyle. There are many exceptions, 
particularly for fishes that have extensive diel vertical migrations or use ram 
ventilation; but, in general, teleosts that live predominantly in the water 
column have well developed swim bladders whereas swim bladders in those 
species that are demersal and rest on the bottom are often reduced or absent. 
(Bone et al., 1995) 

Presumably, elasmobranchs exhibit similar lifestyle dependent buoyancy 
compensation mechanisms. Unlike teleosts, elasmobranchs do not have a 
swim bladder and must use a variety of adaptations to enhance buoyancy 
that include reduced tissue density and large lipid-rich livers. This paper 
compares lifestyle dependent buoyancy adaptations in six species of elas- 
mobranchs by testing the hypothesis that free swimming rays (i.e. spotted 
eagle ray (Aetobatus narinari) and cownose ray (Rhinoptera bonasus)) show 
larger hepato-somatic indices and lower body density than demersal species 
(yellow stingray (Urolophus jamaicensis), southern stingray (Dasyatis amer- 
icana), Caribbean stingray (Himantura schmardae) and Atlantic guitarfish 
(Rhinobatus lentiginosus)). 


METHODs—Four of the elasmobranch species examined (U. jamaicensis, R. bonasus, A. 
narinari and R. lentiginosus) were collected by several methods from February 1994 through 
September 1994. The other two species, H. schmardae and D. americana, were captured and 
examined in January 1991 as a part of a separate study (Gilliam and Sullivan, 1993). The 
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yellow stingrays (U. jamaicensis, n = 16), southern stingrays (D. americana, 18), Caribbean 
stingrays (H. schmardae, 2), and an Atlantic guitarfish (R. lentiginosus, 1) were either speared 
or netted. U. jamaicensis and R. lentiginosus were captured at five to seven meters depth off 
Broward County, Florida. H.schmardae and D. americana were captured at one to five meters 
depth in the Exuma Cays, Bahamas. The cownose rays (R. bonasus, 8) were captured in the 
Gulf of Mexico along the southwest coast of Florida with gill nets at approximately five meters 
depth. Our single specimen of the spotted eagle ray (A. narinari) was snagged by hook and 
line in two meters of water off Duck Key in the Florida Keys. All rays, surviving capture, were 
sacrificed either by a lethal dose of anesthesia (MS-222) or by spinal transection. 
Measurements included overall length, body length and disk width. Each specimen was 
weighed on a spring balance in air (+5g). Specimens of U. jamaicensis and R. bonasus were 
also weighed in seawater (+1g). The spotted eagle ray was too large to weigh with the available 
balance and was, therefore, weighed in sections with allowance made for the estimated blood 
loss. After whole body weight was taken, the animals were dissected and the livers weighed 
(+0.01g). The viscera were removed and the eviscerated carcasses of U. jamaicensis and R. 
bonasus were again weighed in both air and seawater. The livers were weighed separately. 
Hepato-somatic indices (HSI) were calculated for all individuals: 


L/W x 100 = HSI, 


Here, L = liver weight (g), W = total body weight (g). 
Total animal tissue density was expressed by: 


w/W X 100 = Density, 


Here, w = total weight in seawater (g), W = total weight in air (g). 
Eviscerated tissue density was expressed by: 


ew/EW X 100 = Eviscerated Density, 


Here, ew = eviscerated weight in seawater (g), EW = eviscerated weight in air (g). 


RESULTS AND DIscussIOoN—The HSI values were smaller in demersal 
species than free swimming species: U. jamaicensis (n = 16) 3.40 + 0.31 
(Mean + SE); D. americana (18) 2.57 + 0.31; H. schmardae (2) 4.03 = 
0.08; R. lentiginosus (1) 1.18; versus A. narinari (1) 4.18; R. bonasus (8) 
5.31 + 0.26. This relationship is confirmed statistically among three repre- 
sentative species (U. jamaicensis, D. americana and R. bonasus) for which 
we had sufficient sample size. T-tests indicate no significant differences in 
HSI’s between the sexes for either U. jamaicensis (P > 0.05) or R. bonasus 
(P > 0.05). Thus, the sexes were combined for further analysis. Analysis of 
variance indicates significantly lower (P < 0.001) HSI in the demersal spe- 
cies (U. jamaicensis, D. americana) than in the free swimming species (R. 
bonasus). In addition, as hypothesized, the tissues were less dense in the 
free swimming than the demersal species tested (U. jamaicensis 3.50 = 0.21; 
R. bonasus 1.45 + 0.60, P < 0.05). However, U. jamaicensis and R. bonasus 
had comparable total body water weight/ air weight ratios (U. jamaicensis 
3.16 = 0.25;°R. bonasus 3.63 + 0.60, P > 0:05). This is anv unexpected 
result, given the higher HSI and lower non-visceral tissue density in R. 
bonasus. Regrettably, we did not examine liver lipid density or the density 
of the visceral organs (i.e., stomach, gonads). Presumably, such measure- 
ments would help explain this discrepancy. 
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We suspect that despite the higher HSI’s in free swimming versus de- 
mersal species, the livers are not a primary method of increasing buoyancy 
in R. bonasus and A. narinari. Only a few pelagic shark species (e.g., Galeo- 
cerdo arcticus, Carcharias menisorrah and Hexanchus griseus) are known 
to use liver lipid stores as an important aspect of their buoyancy control. In 
those species liver weight can approach or exceed 20% of the total body 
weight with up to 79.5% oil content in the liver (Bone and Roberts, 1969). 
In contrast, the free swimming rays in this study had HSI’s of 4-6 % and 
the bottom dwelling species had’ HSI’s of 1—4 %. Further, the use of liver 
lipids as primary buoyancy control has a number of disadvantages. Liver 
lipid stores in many fishes undergo dramatic seasonal changes associated 
with feeding, migration, and reproduction. Such changes in lipid stores could 
often be energetically inverse to the animals needs. For example, a female 
after reproduction would be weakened and simultaneously more negatively 
buoyant requiring more energy to swim. Animals not feeding during migra- 
tions, likewise, would require more energy to maintain buoyancy concom- 
itant with decreasing energy stores. 

It is, perhaps, more likely that lower eviscerated body density does play 
an important role in R. bonasus buoyancy. Bone and Roberts (1969) suggest 
that the most important factors in the density differences between different 
species after removal of the liver result from differences in the density of 
the white muscle mass, skeletal tissues and the skin. However, additional 
research is required to validate this assumption for our species (R. bonasus 
and U. jamaicensis) and to determine if the lower non-visceral density is 
due to lower skeletal mineralization, lower muscle density, differences in 
cartilage to muscle ratio, or labile fat stores. 

In summary, the results of this study support the conclusions of others 
that body density is correlated with lifestyle in elasmobranchs (Bone and 
Roberts, 1969). Why a higher hepato-somatic index and lower body density 
was not correlated with a lower total body density comparison between these 
species requires further study. 
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that proofs are sent to authors for checking. 
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